DESCRI PTI ON AMORPHOUS TRANSPARENT ELECTROCONDUCTI VE FI LM AND SPUTTERI NG
TARGET OF STARTI NG MATERI AL THERECOF, AMORPHOUS TRANSPARENT ELECTRODE
SUBSTRATE AND PRODUCTI ON PROCESS THERECF, AND COLOR FILTER FOR LI QUI D
CRYSTAL DI SPLAY Technical Field The present invention relates to an

anor phous transparent el ectroconductive film and a sputtering target used
in a production process thereof; and an anorphous transparent el ectrode
substrate using the anorphous transparent el ectroconductive film and a

production process thereof. The elates in particular to an
anor phous transparent eIectrocon&ﬁ%ﬁ%&g%ﬁohhlused for a thin film

transistor-liquid crystal display (TFT-LCD), a super tw sted nematic-Iliquid
crystal display (STN-LCD), a twisted nematic-liquid crystal display

(TN-LCD) , A%]BR%%%%‘ %R%‘Ix]%%‘k%‘l\l"fmﬂ%%@r%}@e%%gbﬁc)r 1329 $$9m Yo M AR er'i ng

target use roduct’i on process nd "an anDrphous transparent

el ectrode supgts abe %AMI&@'D?AT@EE’PAE R% SRNSRAERPEOGS eﬁzﬁ%?ﬂﬁ?ﬁ%' ve

film and a production process thereo e present invention relates to a

color filter E@EC@R@@Ea%UBS%@%TE”%@@”PN@DU%%@E@S?H@dﬁ§§'Tﬁﬁéﬁaﬁo a col or
filter for display characterized by the material of its electrode, and a

di splay device uakmngcohios frirlirer rbe rdigehipayrRvsTiPiccaldnye |iquid crystal
di splay, and 1 may be any display using a color filter. For exanple, the

color filter of the invention may be used to nmake an organic EL display or
the Iike. Background Art
Technical Field

The present invention relates to an amorphous transparent
electroconductive film, and a sputtering target used in a
production process thereof; and an amorphous transparent
electrode substrate using the amorphous transparent
electroconductive film, and a production process thereof. The
invention relates in particular to an amorphous transparent
electroconductive film used for a thin film transistor-liquid
crystal display (TFT-LCD), a super twisted nematic-ligquid
crystal display (STN-LCD), a twisted nematic-liquid crystal
display (TN-LCD), an organic electroluminescence (EL) and so
on, and a sputtering target used in a production process thereof;
and an amorphous transparent electrode substrate using this
amorphous transparent electroconductive film, and a production
process therectf.

Thepresent inventionrelatestoacolor filter fordisplay.
The invention relates inparticular toacolor filter fordisplay
characterized by the material of its electrode, and a display
device using this filter.

The display is typically a liquid crystal display, and



Background Art No. 1 (Anorphous Transparent El ectroconductive Film
Sputtering Target of Starting Material Thereof, and Anorphous Transparent

El ectrode Substrate) A TFT-LCD, an STN-LCD, and a TN-LCD are used in a scope
fromrelatively small-sizeddi splay sections of acellul arphone, a personal
digital assistant (PDA), a notebook-sized personal conputer and soon to

| ar ge-si zed di spl ay devices such as anonitor of a conputer and a tel evision
screen. In recent years, nmaterials for electrodes of TFT-LCDs are shifting
from anor phous silicon (referred to as anorphous Si  hereinafter) type

mat eri al smbo roh}§idigom Lefiepreddierasilpoty I chempileaftios Fotllype
materials. The aimof this shift is to apply the LCDs to display sections
for cellukaltphatesheapivent Méri hagiw ngetinagaakerat elrgundicofl sidsepdny by
maki ng the switching speed thereof large. In the case of conventional

anor phousc8i thgpéikaterials, the nobility thereof is about 1 cn®/Vsec.;
therefore, an inprovenent in the switching speed is restricted. Thus, an
attenpt is made wherein anorphous Si is crystallized by a given nethod to
prepare poly Si and the nmobility thereof is inproved to make the sw tching
speed hi ghackgrpsnkndwh that the nobility of this polycrystal Si (poly Si)
type el ectrode naterlal IS 2 |nproved up to about 200 cn12/V sec. It is
reported BE ) : HiYE t her eof

) & 0 : : i S way,
about contlnuous graln boundar poly Si researches for using the Si in
pseudo noABE 3 > cERRAEHUE gHeShfde made (see, for

A TFT-LCD, an STN-LCD, and & TN-LCD are used in a scope
fromrelativelysmall-sizeddisplaysectionsofacellularphone,
a personal digital assistant (PDA}, a notebook-sized persocnal
computerandscontolarge-sizeddisplaydevices suchasamonitor
of a computer and a television screen.

In recent years, materials for electrodes of TFT-LCDs are
shifting from amorphcus silicen (referred to as amorphous Si
hereinafter) typematerials topolysilicon (referredtoas “poly

1” hereinafter) type materials. The aim of this shift is to
apply the LCDs to display sections for cellular phones coping
withmoving images or television screens by making the switching
speed thereof large.

In the case of conventional amorphous Si type materials,
the mobility thereof is about 1 cm?/V-sec.; therefore, an
improvement in the switching speed is restricted. Thus, an
attempt is made wherein amorphous Si is crystallized by a given
method to prepare poly Si and the mobility thereof is improved
to make the switching speed high. It is known that themobility

of this polycrystal Si (poly Si) type electrode material is



exanpl e, Non-patent Docunment 1, which will be listed up later) . Meanwhile,
as electrodes of liquid crystal display devices using a liquid crystal, such
as TFT-LCDs, there are used transparent el ectrodes which are transparent
and have electroconductivity for transmtting electric signals to the
liquid crystal. As one of the transparent el ectrodes, indiumthin oxide

(I TO, which is nmade of indium oxide-tin oxide having transparency and a
small resistivity, is known and is widely used. This ITOis a nmaterial
having a small resistivit resistivity: 200 S2 cm carrier density: 1.0 X
1021 /cnﬁ}mgﬁﬁveﬁDHPIFPy?%E@ c%épvcgbéyjs?cbut has drawbacks such that a

t id shoul d_b when the, I TOis etched. 1t is also k t hat
't the carrier ContBnfFACEoRTI NI TO 18 GHeTBUSHH, TH6" FOBITTASY dereof
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general Y ial Loy b1 haqal LEELLpge 10 9505 46 SOLYGSYCR, PLON TR, paton

e p 0ose a materia

compr i si ng..ol adyum pxides zbne, gxide, and-durtner, cOmILshng: S oA dre G It

is known t acid can be use 0 etc IS nateri a

material ks gxoehiiont b Orkahidl yn HOYENSLy, LBBuB £ast shidil Ol he

material disclosed in Patent Docunents 1 an 2 1s not very low™ The

nobi ity Qt::uh@%r@?ag%'liya'Sii,s releulr 2@ s FH2NMi 3P Ehe WA Gy igseidpwer val ue
than that of poly Si. Patent Docunment 3, which will be listed up later,

di scl osesmodoteghtiaque iofi caakimy aemhingigual arede;iefe hneiadd opdeds- zdic oxi de
into afilmby a |lowvoltage sputtering nethod in order to make the
resistivi egadblehi sSofaperéat JoMmdrianwey evhidwandease 1a stspUtberatidte materi al

at a low voltage, it is unavoidable to make the nmagnetic field of the
sputtering devi Heaawwhanhg, axk bvett@pes of liquidcrystal displaydevices
using a liquid crystal, such as TFT-LCDs, there are used
transparent electrodes which are transparent and have
electroconductivity for transmitting electric signals to the
ligquid crystal.
As one of the transparent electrodes, indium thin oxide
(ITO), which is made of indium oxide-tin oxide having
transparency and a small resistivity, is known and is widely
used. This ITO is a material having a small resistivity
(resistivity: 200 p-Q-cm, carrier density: 1.0 x 10%' /cm?, and
mobility: 40 cm‘/V-sec.), but has drawbacks such that a strong
acid should be used when the ITO is etched. It is also known
that if the carrier concentration in ITO is increased, the
mobility thereof generally falls by ion scattering.
In order to solve such problems, Patent Documents 1 and
2, whichwill be listed up later, disclose amaterial comprising
indium oxide-zinc oxide and further comprising Sn, Ga or Ge.
It is known that a weak acid can be used to etch this material

and the material is excellent in workability. However, the



AC plasma with DC plasma. Thus, there a-rise problens that the device is
expensi ve and further operations or steps therefor are conplicated. Patent
Docunent 4, which will be listed up later, discloses a transparent

el ectroconductive | am nate wherein a transparent el ectroconductive film
made mainly of indium tin, zinc and oxygen atons is forned on a pol yner
substrate and the conposition at%satisfies the followng: Zn/(In + Zn) =
0.01to 0.1 at% Sn/ (Tn + Sn) = 0. 01 to 0. 1 at% and further Zn/ (Zn +
Sn) = 0. 55 1o ) at% wever, the resistivity aof such a |ampate is 250
[t- @ cm orZ5r e L Yt K inbhe D@ Lt & AAT CLRPECr W8 PEERVAL BOPURFaES | 8Rar ¢ han
conventional  fesistiuifiges, When the hiansparent nelectrocondygtiyeyhan nate
havi ng t he above ment'| ned"conposfntl on'i'd Reated, "the ram naté rs

crystalliz ny resi qu r am nate is
et)éhed. ar{\/\\fh%lézj,"PﬁnC?l %Ctrjgarrénét%%%q%ﬁ‘ 6%&1@?&%%1%13%&5%%6 up later,

di scl ose sputterg g liapgehgefbtal fed- Dy addidg: s Oy ubnd|wm oxi de12kag oxi de,
tin oxide in an anount of 20 to 2000 4 ppm The nain aimof the Patent

Docunent s 3 +aR®n8 gue &0 me@®A0h malthe: iGnYygids o3t 1 Hat h & afad-he spykt aki ng.
target and inprove the nechanical strength thereof . Thus, no heed is given

to the matigfo o Balmtie sSpultebliggbasgiet tdsing e thoPLadbege A tid hAkBavi ng a
relatively lowresistivity. Therefore, it appears that a low resistivity
cannot be tleal t@edst Pat ent o Dochihenhafer il chowt | IHde:=dd 1St edch uprdeat ero
di scl oses a production of a material which is nade of indium oxide-zinc
oxi de and sputosr itheeststivitat byl @onbilokhengit e enystatabsertucteke of a
sputtering target used for producing this nmaterial.
the magnetic field of the sputtering device strong and overlap
AC plasma with DC plasma. Thus, there arise problems that the
device is expensive and further operations or steps therefor
are complicated.
Patent Document 4, whichwill belistedup later, discloses
a transparent electroconductive laminate wherein a transparent
electreconductive film made mainly of indium, tin, zinc and
oxygen atoms is formed on a polymer substrate and the composition
at% satisfies the following: Zn/(In + Z2n) = 0.01 to 0.1 at%,
Sn/{In + Sn) = 0.01 to G.1 at% and further Zn/{Zn + Sn) = 0.55
to 1 at%. However, the resistivity of such a laminate is 250
pL-Q-cm or more. It cannot be said that this resistivity is far
lower than conventional resistivities. When the transparent
electroconductive laminate having the above-mentioned
composition is heated, the laminate is crystallized. Thus,
residues may be generated when the heated laminate is etched.
Meanwhile, Patent Documents 5 and 6, which will be listed

up later, disclose sputtering targets obtained by adding, to

indium cxide-zinc oxide, tin oxide in an amount of 20 teo 2000



Pat ent Docunent 8, which wll be listed up |later, discloses a process of
produci ng a transparent el ectroconductive filmlow in resistivity by adding
Re, Gs, Mo or Wto indiumoxide or ITO and then controlling the orientation
of the crystal thereof. Patent Document 9, which will be listed up later,

di scl oses a sintered, electroconductive netal oxide which is lowin
resistivity and is produced by adding, to indiumoxide, Nb or Hf in an
anount of 1 to 20% by meight t her eof . Patent Docunents 10 to 13, which will

be |isted up i_scl, n t £GLro reln Zr | dded to
|nd|un1ox98 ﬁ%m%&E} g %i%%ggg ggé%f Q?Fg% eht Sd%%éhnt o 13

have a prehlLe esul tan r%ﬂﬁggg Alo] IIinity
and t hus ?23|g%%%P%%éﬁggﬁ%rategﬁbgh%t In %%g'gﬁé é%g%%te at the

time of sputhenipgl M%n%aér?t%e@&fmerﬁmﬂs' Jﬁh@&a QN & dYBE Sk halmat 409y O
Chosakai Publishing Inc.,” Decenber, 2002, p. Pat'ent Docunent 1. Japanese

Pat ent Ap@hla%aﬁh@ns%% Qe@i?ﬁ@ &aJPgé) Ny u@e%ﬁ@éG rBah@etaDpfmrﬁm?n A
No. 7- 235129 Pat ent cunent 3:JP-A No. 9-V1860 Pat ent Docunent 4: J A

No. 2001- 126338 iFal enl oloceisat i o J§: A i rtdQh-¢1,31 ¢36pPakent t KRt ey 6: JP- A
No. 11- 128122 Pat ent Docunent 7: Japanese Patent Appllcatlon Nat i onal

Publ i cati ersheti2Q@i- 239936 Bat ertzlDeednent 8:JP-A No.7-278791 Patent

Docunment 9: JP- A No. 3-15107 Patent Docunent 10: JP-A No. 6-160876 Patent

Docunent 11: JP- AahlenVIRIR8At 7, whichwillbe listedup later, discloses
a production of a material which is made of indium oxide-zinc
oxide and is low in resistivity by controlling the crystal
structure of a sputtering target used for producing this
material,

Patent Document 8, whichwill be listedup later, discloses
a process of producing a transparent electroconductive £ilm low
in resistivity by adding Re, Os, Mo or W to indium oxide or ITC
and then controlling the orientation of the crystal thereof.
Patent Document 9, whichwill be listedup later, discloses

a sintered, electroconductive metal oxide which is low in
resistivity and is produced by adding, tc indium oxide, Nb or
Hf in an amount of 1 to 20% by weight therecf. Patent Documents
10 to 13, which will be listed up later, disclose transparent
electrodes wherein Zr is added to indium oxide. However, all
methods described in Patent Documents 7 to 13 have a problem
that the resultant transparent electrodes have crystallinity
and thus residues are generated by etching or nodules are
generated at the time of sputtering.

Non-patent Document 1: “Electronic Material”, Kogyo

Chosakai Publishing Inc., December, 2002, p.26



Pat ent Docunment 12: JP- A No. 2002- 226966 Pat ent Docunment 13:JP-A

No. 2002- 373527 Background Art No. 2 (Color Filter for Liquid Crystal

Display) In color liquid crystal displays, color display is attai ned by use
of optical property of liquid crystal, optical nenbers, an external I|ight
source or the like. One of the optical nenbers for attaining color display
is acolor filter. Thiscolorfilter 100 for liquid crystal display generally
has: (1) an electrically insulating transparent substrate 10 which is al so
used as a substrate for formng a liquid crystal panei, (2) plural colored
| ayers 12 arran§etieon Rdvwneitedt rizpdhyse Psuleatti Agpt taaspandmidtihstrate 10
so as to have a given pattern, 6 and (3) a transparent el ectrode 14, for
driving |ilg&é cN@sték234®Wﬁch is formed on these colored layers 12. This
situation is shown in Fig. In the present patent, this is called type
2A. The coIoredpﬁﬁ?éFsD92u@?€t08ﬁp§§ea gp a7réd5dé%r ed layer 12R, a green
colored |l ayer 12G and _a bl ue cal ored Iaye 12B. Fig. 3 is a schematic
structural V|emPPFPU§tP8FPW6n6nﬁy PRePpN8i-c 9-deP&t ure of the color filter
100 for liquid crystal dIS Actual |y, rotective layer is forned

bet ween t he colgﬁgﬁnFa9@F§ % 4ndJERé NPangﬁﬁ 6§ﬁ§ctrode 14 in many

The 7 especti velabPire ﬁb'pﬁgdws'pgt Par7e 190 ana 2398 Qﬁlﬁéﬁir Caces. In Fige oA
[ ustrated.  ThESpEEE PaRUBF Ehe e é?oﬁeﬂ aera253%0na that of the
transparent el eglrode 14 MRYDE 1 LVeLSGesk L PhRt CASS 1 L0E: 69t ional
Publication No. 2001-539936

Patent Document 8: JP-A No. 7-278791

Patent Document 9: JP-A No. 3-15107

Patent Document 10: JP-A No. 6-160876

Patent Document 11: JP-A No. 7-218824

Patent Document 12: JP-A No. 2002-226966

Patent Document 13: JP-A No. 2002-373527

Background Art No. 2 (Color Filter for Liquid Crystal Display)

Incolorliquidcrystaldisplays, colordisplayisattained
by use of optical property of liquid crystal, optical members,
an external light source cr the like. OCne of the optical members
forattainingcolordisplayisacclor filter. Thiscolor filter
100 for ligquid crystal display generally has:

(1) an electrically insulating transparent substrate 10
which is also used as a substrate for forming a liquid crystal
panel,

(2) plural colored layers 12 arrangedon this electrically

insulating transparent substratei0socastohaveagivenpattern,



filter 100 for liquid crystal display has, as its basic structure, the
followng: (4) an electrically insulating transparent substrate 10 which is
al so used as a substrate for formng a liquid crystal panel, (5) a
transparent electrode 14, f or driving liquid crystal, which is fornmed on
this electrically insulating substrate 10, and (6) plural colored |ayers 12
arranged on this transparent electrode so as to have a given pattern. This
situation is shown in Fig. 2B. In the present patent, this is called type
2B. 7 The colored |ayers 12 are each a |layer which selectively transmts a
ray havin&ng specific wavel ength out of rays emtted froma |light source,

and are plural aored layers 12 havin ifferent spectral transm-ttance
characteristics?gkaﬁﬁﬁ%seﬁﬁ%ﬁtﬁ}?ﬁtﬁﬁg?&gféﬁﬁ??%% % &aﬁgﬁﬁﬁf¥€?%%ﬂforned
or full c r LS i f.Qr ﬁégg? ~» Whep.fu isplay is
perfor rred% ?ngg:stf%/%y%%ﬁ%f%?hegﬁrjrgg?ofg@er 0 - teir%e' fgﬁﬁ%véintg&%ﬁé%glii nds

are used: Aotedigobored,ayar, 12@harkages blabyspechral:o (Lana thagee in a

red wavel ength range; a green co l"aye havi ng a al

transmttance thea- O SaH Wavel-angbh, L angs: - &g & Rl Weqcal pf £y lawgl, 12B
having a high spectral transmttance in a blue wavel ength range. "As the

arrangenmenprpakt F8e0f cd Nesen kingdsr af>oloed bayersoldLeda St pREYype, a
nosai c type, a triangle type, a 4-pixel arranged type, and so on have been

hitherto knewms iApRpsopemat ec saec@uiraQf videse 1patt-atis g enUseHeigusiceor dance
with the operation node of the color liquid crystal display or the
per f or mange ruchereobf the color filter 100 for liquid crystal display.
Actually, aprotective layer is fecrmed between the colored layers
12 and the transparent electrode 14 in many cases. As will be
detailed later, light-shielding layers are formed between the
respective colored layers 12R, 12G and 12B in many cases. In
Figs. 2Rand 2B, theselight-shieldinglayersandsconareomitted
not to be illustrated.

The position of the ceclored layers 12 and that of the
transparent electrode 14 may be reverse. Inthiscase, thecolor
filter 100 forliquidcrystal displayhas, asitsbasicstructure,
the following:

(4) an electrically insulating transparent substrate 10
which is also used as a substrate for forming a liquid crystal
panel,

(5) atransparentelectrode 14, fordrivingliquidcrystal,
which is feormed on this electrically insulating substrate 10,
and

(6) plural colored layers 12 arranged on this transparent

electrode so as to have agivenpattern. This situation is shown

in Fig. 2B. 1In the present patent, this is called type 2B.



In many cases, a light-shielding layer is formed between a colored |ayer
and anot her colored | ayer, or on a transparent protective |ayer which wll
be detailed later. This is for preventing a fall in the contrast or color
purity based on leak Ilight. The light-shielding layer in this case is nade
of metal chromum a colored photoresist or the like. This |ight-shielding
| ayer is arranged so as to be positioned between pixels when the front

pl ane of a color liquid crystal display equipped with the color filter is
viewed. The formof the whole 8 thereof is generally a matrix formor stripe
formin many caSes.colasrefddanicred labave catieat tavispatieimh sledectddelys for
driving liquid crystal may be arranged between the electrically  insulating
subst r at eLXBNERd L6 e rabdva Hsh i TRl Bt §REE Lragéhsouy 2 ¥3ye erB)tted n nany
cases, however, the electrode would be arranged, directl indirectly

across a trafspatefbt pFotecti vand el The s olraéfdfgsa&r@r £330% or der
i1 shi oy oPAaRE b B § hESPHTE ho SRapRIeE e e &8 b A e coThe

T hocor HAER HPEREBRCTDEr SPLG HOTB LA, (FhRebarPEr At S REIEH or
ol ural ot b pBLag, P8 Rrclin® WPhor) SfamETe, JNE (RSN O0F ol Tt The

whol e of .3, SELAEA b5 LaRTEd Lntera il m, oL il%ﬁf%%%(]ec%fflgcgl%?:ﬁ?%qﬁ@(&:%d"

formis i ustrated. case of an actiVve

crystal diapLayidedoe uLhis ianspALen 1 6] ephbade Jihg 4 heghaiagle i |

form has been hitherto arrangec _ its col or in many
cases. TherbrapspaneRkt PRt eeli ¥eviayRhth S Irfd®d LPeOrd&s1dd layer

12G having a high spectral transmittance in a green wavelength
range; and a blue colored layer 12B having a high spectral
transmittance in a blue wavelength range.

As the arrangement patterncf these kinds of colored layers
12, a stripe type, a mosaic type, a triangle type, a 4-pixel
arranged type, and so on have been hitherto known. Appropriate
one cut of thesepatterns isused in accordance with the operation
mode of the color iigquid crystal display or the performance
therecof.

In many cases, a light-shielding layer is formed between
a colored layer and another colored layer, or on a transparent
protective layer which will be detailed later. This is for
preventing a fall in the contrast or color purity based on leak
light. The light-shielding layer in this case is made of metal
chromium, a colored photoresist or the like. This
light-shielding layer is arranged so as to be positioned between
pixels when the front plane of a color liquid crystal display

equipped with the color filter is viewed. The formof the whole



i nprove the flatness or the snoothness of the transparent el ectrode and
protect the colored layers. As this 1 iquid-crystal -driving transparent

el ectrode, an indiumthin oxide (ITO filmhas been hitherto used in many
cases. This is because the ITOfilmis good in transparency and

el ectroconductivity and can be suf f iciently etched with a strong acid. 9
Incidentally, the following lists up docunents about the prior art related
to the invention of the present patent application. Patent Docunent 14:
JP-A No. 11-352483 Patent. Docunent, 15: JP-A No. 2002-202511 Patent
Docunent F&Cr$PIAl NGeTEEGI-11435%5 T ipafent Toshfere G75m 1P ARG . CAPRS:20612
Pat ent Docunent 18: JP- A Nao. g9-101438 Pat ent Documint 19: JP- A No.

09- 005514 Di scl 6SufES6F1PRE PRYEAri GROFIEFERSPREESE ErfircEdRiEctitod Wi th
Background, Art. No., 1). . The present .invention has been de in l.ight of the
robl e J6 RS RbEYE RN b DR PE BT E B g

t her eof 'i?ush‘ia%%‘“ Qﬁb&%@%‘%ﬁﬁr ﬁﬁttﬁé %%toﬂf%‘l%'%%ﬁ%' Lo DLy 008N

excel | ent ranspargncy and- et chabl e property, an a low “resrstance, a

sputteringtarger of therstarty ngJmtenbaloLher ent 1400, 8. agmy phays

transparen trode substrat'e wherein thi s ‘transparent elect roconductive
filmis f%&'f%@lg%@,?dﬁﬂ%élrﬁéﬁ 1304 re2th mé@%t&%ﬁ%%%%ehtﬂ%fﬁ%ecé‘#‘émd

obj ect (in connection wth Background Art ) The above-nentioned I TO

filmis ralglivebyet @Wel doidesdahyestab) hhtor fnde Bl Sdwdi: aRd fi8alase
resi stance. For this reason,
in the threshold voltage of the liquid crystal display element
or a decline in the sharpness of the rise thereof.

The shape of this transparent electrode 14 for driving
liquid crystal is varied in accordance with the operation mode
or the performance of the color liquid crystal display, or other
factors. The electrode 14 is formed into plural stripes or a
single film. In Figs. 2A and 2B, a situation that the whole
of a screen is formed into a £film, or into the so-called “solid”
form is illustrated. 1In the case of an active matrix type TFT
liquid crystal display device, this transparent electrode in
the “single film” form has been hitherto arranged on the side
cof its color filter in many cases.

The transparent protective layer is formed in order to
improve the flatness or the smocthness of the transparent
electrode and protect the colored layers. As this
liquid-crystal-driving transparent electrode, an indium thin
oxide (ITC)} film has been hitherto used in many cases. This
is because the ITO film is good in transparency and

electroconductivity and canbe sufficiently etchedwitha strong

acid.



a color filter for liquid crystal display of a type that the ITOfilmis
formed as a liquid-crystal-driving transparent electrode on a colored | ayer
has drawbacks that the 1 iquid- crystal -driving -transparent el ectrode is
easily cracked 10 or peeled in the production process thereof and the

l'i quid-crystal-driving transparent electrode is easily cracked or peeled
wth the passage of tinme after the production. As the performance of liquid
crystal display devices becones higher, new various driving manners are
suggested for riving liquid cry | . .For.exanple, the Patent Docynent 14
di scl oses what c&ﬁ?ﬁtﬁh?VP§JH?F3ﬁﬁ§ &Qﬁh%*?g%ﬁgjBQFBWFn%ﬁogﬁﬂ%Et ®15 and
16 discl ose .PVA _dri vi nner In sone.color. filters used foqr these
driving nﬁ’ﬁﬁré’trs,arfchéfeﬁ%tgl%xétlos%ﬁ'&y lﬁé’reréq%&ﬁéld Qlfnt1:51evzg’r"':ieoslié:l (?ra(rl?se.ntFor

exanpl e, t%@lﬁ%%%%%n of their pixel electrode nay be etched into the form of
strips. APSenéfati ¢ view of a pi xel el ectrode etched into the form of
strips in this p@¥eh§ bEEHﬁ%B@t§Q:iB EihOyo3- 1An38%annl e of such a pixel

el ectrode is disclosed In, for exanple, the Patent cunment 14. The pi xel

el ectrode may bejetghedolbOhentf @5:.e¥a0Rl Qo.a200echangyhar form a circul ar
form or "<-shaped”" f orm The pixel electrode my be etched into a zigzag

form In recent pyeans, pothReatone: Umparkianceobasikeensattached to the
etchabl e property of the electrode. 1 TO which has been referred to above
and has been fpgguant bycusedtatl 7pr gpent Nol,soa-gpystial | i ne material. Thus,
in order to etch ITO, a strong acid such as aqua regia is used in many
cases. The preckstentobotheecatchBngJmay be.debenipouaBed by residues from
the etching, and further very fine etching lines

Patent Document 19%: JP-A No. 05-005514

Disclosure of the Invention

First Obiject (in connection with Backgrcund Art No. 1)

The present inventionhasbeenmade inlight of theproblems
of the above-mentionedbackgroundart No. 1, andan ocbject thereof
is to provide a transparent electroconductive f£ilm having
excellent transparency and etchable property, and a low
resistance, asputteringtargetof thestartingmaterial thereof,
and an amorphous transparent electrode substrate wherein this
transparent electroconductive film is formed cn a substrate and
a production process thereof.

Second Cbject (in connection with Background Art No. 2)

The above-mentioned ITC film is relatively low in thermal
stability and moisture and heat resistance. For this reason,
a color filter for liquid crystal display of a type that the
ITO film is formed as a liquid-crystal-driving transparent
electrode on a colored layer has drawbacks that the

liquid-crystal-driving transparent electrode is easily cracked

10



may not be forned with ease. In order to inprove the etchable property of

| TO which 11 is a drawback thereof, suggested is an indium oxide-zinc
oxide based liquid crystal color filter. The electrode nmaterial thereof
has an inproved etchable property but has a problemthat the material is

| ower in electroconductivity than ITO This matter is descried in the
above- nenti oned Patent Docunents 17, 18 and 19. In |ight of the
above-nenti oned probl ens, the present invention has been nade. An object
thereof is to provide a color f ilter f or display having a transparent

el ect r ode ahipstelies! dasitthe ptashed i theqerosdudtd e prajesshe hereof , is not
easily cracked or peeled in the production process, and further is not
easily cridcked o yida led i ting héapaeéagetefletqq@d@f teratid vpr oritked on

t hereof, and prOV|de a display device which is_stably operated accordingly.
The di spl &F masdiad i Wy gincalnasseas i - vy st i S a%/ro duhiel @df or filter

of the present |nvent|on may be used i.n any other d| en the
above- ment i oned 2§ $Pita ?e&é\ﬂrg@qcse & I]11(§il1’il(§i Systta dflsséﬁﬂy \g] %6 955inspar ent

| ectrod I tal-d t electrod t
2t tai n UhETEBVE MR Fonea-dof Sbt&us e r@%&%ﬁé&&é%ﬁgeaﬁs& i

according 1o _t.he pr.esen I .nventi on Fir st ou nye t| n. A flrs oup
i nvention Qﬁyj§F{§1n né}fﬁefflrst OBJecfamﬂa?hlghlsg Fel RS %dgﬁThe

]elmrazéli ?r\re(rjlt&qt#a]{/oegv%% ﬁnba\g Ibjc?escr |1bea§’glﬂa]%g?db$f ec‘ir rpéIrr \gﬁ)ﬁh%:l\%r%%ngit can be
divided | Myt d old WMDY ¢ SURH QUPSpikAl cﬂmv"u?g rr]arﬁ'lel.‘asp.d 1-4).

Insomecolor filtersused for thesedrivingmanners, their
pixelsmaybe etched into various forms. Forexample, the inside
cf their pixel electrode may be etched into the form of strips.
A schematic view of a pixel electrode etched into the form of
strips in this way is illustrated in Fig. 3. An example of such
a pixel electrode is disclosed in, for example, the Patent
Document 14.

The pixel electrode may be etched into, for example, a
rectangular form, acircular form, or “<-shaped” form. Thepixel
electrode may be etched into a zigzag form. 1In recent years,
therefore, importance has been attached to the etchable property
of the electrode.

ITO, which has been referred to above and has been
frequently used at present, is a crystalline material. Thus,
in order toc etch ITO, a strong acid such as aqua regia is used
inmany cases. The precision of the etchingmay be deteriorated
by residues fromthe etching, and further very fine etching lines
may not be formed with ease.

In order to improve the etchable property of ITC, which

11



12 1-1 group (lInvention of Anmorphous Transparent El ectroconductive Film (1)
The 1-1 group of the present invention relates to an anorphous transparent
el ectroconductive film An aspect of the 1-1 group of the invention is an
anor phous transparent el ectroconductive f ilmconprising al |east indium

oxi de and zinc oxide, and further conprising one ore nore third netals
selected fromRe, No, W M and Zr, wherein the foll ow ng expressions (1)

and (2) are satisfied: O. 75 .|~ [In]/([In] + [znl) ':5 0.95 ... (1) 1 0 X
10-" <- [M/([Inl + [Zﬁ#@ )!~ 1.0 - 10-' . (2) wherein [Zn] or
[M represént Siadat rﬁ@,ﬁ,e?uggeﬁﬁed Yhat oRAFHT Flidenting Q’Héi@c hi rd

metal (s) respectively. om ¢ .nunber t he nunb of the Ln atons,
7 at ov) BRSER 1A Gk VAL Giks SORP T g s et RELEOHBOSPEPORAST ¢ he

anor phous traﬁg arent electro ond cg ve film_ _The atons of g%lflr t rretal

aLe i ndi umSESTE 1A fRe TR Le RHPRESRY T et & PrePicyiiiEtat om i n
Ll ectr oconbEafaggki el EsCXBRERSL R bt SobRASCE NBHe Y. divan Pf0 L T afiRARr ent
resistivi h&f&fggr fgfder@rlh%g% &aglge SdLiZ{]OfVleCIITEBrH"élyODéJ PE&Q%g\éaﬁbjgqu%tg fh@;

expression IS nore t e transparent roconduct” i've f iim
beconmes crystall hRe so that the etching workability thereof may becone a
probl em The val ue of the expression (1) ranges preferably fromO0.80 to

0.90, nore prefgarabhyf 5@rrtﬂe8abbqe0m%9tlbﬂeahﬁr@mtemqu%h@ ?J@%%@h%nt
el ectroconductive fillmof 13 the 1-1 group of the invention, the
above- mentihgeed ibhansPBEeAtnade. An object thereof is to provide a color
filter fordisplayhavingatransparentelectrodewhichiseasily
etched in the production process thereof, is nct easily cracked
or peeled in the productiocn process, and further is not easily
cracked or peeled with the passage of time after the production
thereof, and provide a display device which is stably operated
accordingly.
The display herein is typically a liquid crystal display.
The color filter cof the present invention may be used in any
other display. When the above-mentioned display device is a
liquid crystal display, its transparent electrode is a
ligquid-crystal-driving transparent electrode.
In corder to attain the above-mentioned objects, the

following means are adopted according to the present invention.

First Group Invention

A first group invention for attaining the first object
mainly is first described. The first group invention will be
described in detail by way of a first embodiment that will be
described later. The first group inventicn can be divided into

the following 4 subgroups (1-1, 1-2, 1~3, and 1-4).
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el ectroconductive filmconprises a third netal. According to the

i ncorporation of the third nmetal, oxygen is withdrawn from i ndium oxide so
that the resistivity of the transparent el ectroconductive filmfalls. If the
val ue of the expression (2) is less than 1.0 x 10-4, the resistivity of the
transparent elect roconduct ive filmuaynot be sufficiently |lowered. If the
third netal is added to set the value of the expression (2) over 1.0 X
10-2, the advantageous effect may not be obtained. The third netal added in
the inventign is Re nreferred yal.ue of the expression
(2) is varrediH S RR2Y: 5 RGepepapsnthlectracandyet 1ve he
third ne%%H 55 Re, the value is preferably from1l.0 x 10-4 to 5.0 x 10-3,
nore pref from5.0 x 10-4 to 2.0 x 10-3. Wien the third nmetal is Nb,

. the valye | f | 23 1. 2.
breferably Trom s oty T 08 0t e 8 F S Mton AL AT S RECRE TS, the
val e 'S BEGLERARLY: LoMa 0 X1 1030kt Ll TORE RUSLEr ghlond rom 2.0

x 10-3 to 8.0 x 10-3 I nvention o 1-1 group rther
conprise jtijngyFhe bLien +¢@NtieRt ndefinnedby il Sl rondulshl v rehd Sn]) wherein
[Sn] is the atom ¢ nunber of Sn is preferably-fprom 1.0 x 10-2 to 9.0 x

10- 2. The catehirecier ike e BuRbel s9fgtde] Sis atiors unketi dbbhdwaldidre in

t he conposition of the anorphous transparent electroconductive film If tin
i's incorpexated amd &nrameundom®mtd S$iteohbicsrd Aoge Hhli.f KelB12 ded b 10-2),
the resistivity of the transparent el ectroconductive film my becone |arge.
A 14 partifeemarky pbefw|red sadger) ssdaomirl. th -1uding.dkpeedd-izhns The
anor phous transparent el ectroconductive filmof the 1-1 group can be forned
by use of (d)sputi €2i)ngricasget sdtiiech wil |

Ny en Qn of Amorpho

0.75 £ [In]/([In] + [Zn]) < 0.95 .. (1)

1.0 x 107* < [M]/([In] + [2Zn] + [M])< 1.0 x 107% . (2)
wherein [In], [Zn] or [M] represents the atcomic number of In,
that of Zn, or that of the third metal(s), respectively. The
atomic number is the number of the In atoms, Zn atoms or third
metal atoms per unit volume in the composition of the amorphous
transparent electroceonductive film,

The atoms of a first metal are indium atoms in the indium
oxide, and a second metal is a zinc atom in the zinc oxide.

If the expression (1) is less than 0.75, the transparent
electroconductive film does not exhibkit a high mobility so that
the resistivity thereof maynot fall sufficiently. If thevalue
of the expression (1) is more than 0.95, the transparent
electroconductive film becomes crystalline so that the etching
workability therecof may beccome a prcoblem. The value of the
expression (1) ranges preferably from 0.80 to 0.90, more
preferably from 0.82Z2 to 0.90.

In the amcrphous transparent electrocconductive film of

13



be descri
group of
mat eri al
film An

conprisin
from Re,
fol |l ow ng
1.0 10-'
[Znl or [
third nmet

bed later. 1-2 group (lInvention of Sputtering Target) (2) The 1-2

the invention relates to a sputtering target of the starting

of the above-nentioned anorphous transparent el ectroconductive
aspect of the 1-2 group of the invention is a sputtering target
for the above-nenti oned anorphous transparent el ectroconductive film
g indiumoxide, zinc oxide, and one ore nore third netals sel ected

Nb, and Zr. The sputtering target preferably satisfies the

R B d IO A G0

(3)

Uh cLSRLERRALS e, 81O Cofibets of kg KORL,OF £0.00f Lgal of the

S), respectivel nposition rati 6 of "the anorp

transparent,e eLeGLLOPONIUGTI ¥ xtl LIN LML DY JISBH! 18 SPULLLING Ly get i s

roughly i

n proport o the conposition ra e us

sputtering

target. Aceanrdinghydel 5oa t3RYL LR NG Siakget +3akirSTes (e pEIRsSi ons (3)

, the above-nentioned anorphous transparent electroconductive film
can easil yi1betrbetigdctlifenesemnspiyist i M iMByKeboal N60sPOIRE @Adridsitdie film
ase, the tin content defined by [Snj/([In] + [Znl + [Snj ) wherein

[Sn] is the)aienesauwmzer 100 B d 8, pref ekablsy ifkiem 45 dhd tralypdantd. 0 ) <

and (4),

In this ¢

grain

10-2 . The tin content is nore preferably from1.5 x 10-2 to 3.0 x 10-2.
Fur t her nor@ ectthe codiuatihver {51 mmagr @b behi sunef 2t ieft 1hé owziree .oxLde-Hen t he
sputtering target is preferably 5 ~Lmor less. |If the maximum crystal

di anmet er itdimdrreetdhn Sadday twdelteshe value of the expression (2} over

1.0 x 10°%, the advantageous effect may not be obtained. The
third metal added in the invention is Re, Nb, W, Mo or Zr.

A preferred value of the expression (2) is varied in
accordance with the kind of the third metal. When the third
metal is Re, the value is preferably from 1.0 x 107 to 5.0 x
107, more preferably from 5.0 x 10™ to 2.0 x 107°. When the
third metal is Nb, W or Mo, the value is preferably from 1.0
x 107 to 1.0 x 107%, more preferably from 2.0 x 107° to 8.0 x
107%. When the third metal is Zr, the value is preferably from
1.0 x 1077 to 1.0 x 107, more preferably from 2.0 x 107° to 8.0
x 1077,

Another invention of the 1-1 group may further comprise
tin. Thetincontentdefinedby [Sn]/([In] + [Zn] + [Sn])) wherein
[Snn] is the atomic number of Sn is preferably from 1.0 x 1072
to 9.0 x 107*. The atomic number is the number of the Sn atoms
per unit volume in the composition of the amorphous transparent
electroconductive film. If tin is incorporated in an amount
outside this range (1.0 x 1072 to 9.0 x 107?), the resistivity

of the transparent electroconductive £ilm may become large. A
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may be generated at the tinme of sputtering. The maxi mum crystal grain
dianeter is nore preferably 3 ~tmor |ess. The maxi numcrystal grain
di aneter of zinc oxide neans the nmaxi mum grain dianmeter out of grain
di aneters of zinc oxide which are obtained Joyneasuring anyone surface area
(30~tnsquare) in the surface of the sputtering target with an EPVA
(electron probe mcroanalyzer). Thethirdnetal (s) is /are preferably
di spersed in the phase of the indiumoxide. The wording "is/are dispersed
in the phase. .of .the indium oxide’ neans that .na peak_-originpating fromthe
hi ot RREST S P EYoBAr Y8 SHHeRPTHE SotTEh (g Parget 10 2 Cu] 28t d to
X pay Strust LY abp@ndhyshite, IS HALESS ] 01 BLOGHIGANGSPYLRELE Ngd ar get
may be a known process. For exanple, € process 1I's a sintering process.
1-3 G oup,(hnyesi) anrobo ATBRIRRY JEansParaiis . cty edeSibahiah ¢111(3) The
1-3 group of e Tnvention relatés to an anorphous tragsparent el ectrode
substrat ep-AQcaspeglqofi sthe 1-3 group of the invention is characterized in
that one or nore of the anorphous transparent el ectroconductive filnms are
formed onjay gibsbr atreveRe UL rofspatRlewialy thargfettyhe anor phous transparent
16 el ectroconductive filns may be torned on a substrate. Alternatively, two
or nore out of the THd ms2myobe oforiednerntacsubslisete td besfuyvmddg | s
being different fromeach other in conposition. The total thickness of the
anor phous tatrganspat kats telredimgocatelutcs i vweE Hhd absyefnenedonadtdre iists ate is
preferably from1l to 1000 nm nore preferably from5 to 500 nm

transparent electroconductive film. An aspect of the 1-2 group

of the invention is a sputtering target for the above-mentioned
amorphous transparent electroconductive film, comprising
indium oxide, zinc oxide, and one oremore thirdmetals selected
from Re, Nb, and Zr.

The sputtering target preferably satisfies the following
expressions (3) and (4):

0.75 £ [In]/([In] + [Zn]) < 0.95 .. (3)

1.0 x 107 < [M]/([In] + {Zn] + [M]}< 1.0 x 107 .. (4)
wherein [Inj, [Zn] or [M] represents the atomic number of In,
that of Zn, or that of the third metal(s), respectively.

The composition ratio of the amorphous transparent
electreoconductive film formed by use of a sputtering target is
roughly in proportion to the composition ratio of the used
sputtering target. Accordingly, if a sputtering target
satisfies the expressions (3} and (4), the above-mentioned
amorphous transparent electroconductive film can easily be
formed. If necessary, tin may be incorpcrated into the film.
In this case, the tin content defined by [Sni/([In] + [Zn] +

[Sn]) wherein [Sn] is the atomic number of Sn is preferably from
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The kind of the substrate is not limted. Preferred is a substrate
excellent in strength and heat resistance, such as a piece of glass, a heat
resistant resin sheet, or a ceramc sheet. 1-4 Goup (invention of Process
for Produci ng Anorphous Transparent El ectrode Substrate) (4) The 1-4 group
of the invention relates to a process for producing the anorphous
transparent el ectrode substrate. An aspect of the 1-4 group of the
invention is a process for producing the amorphous transparent electrode

substrate_of th QUP, GORPri t he step of using an puttering
target - tohe : %’p ¢ fl@rmtﬁ}ea%&%%e{)r}ta éﬂoet%'t e% hducti ve
filmon agsubs ng th ﬁfe @{zheatlng t he anor phous transparent

el ect rocondt itv fll (?he substrate up to 200' C or higher. Wen the

above- ment i onedy, ?@hB?Rgn?e”@HépﬁéQ urﬁ'E%ﬁ@”n%E%’br?tcﬁ e d Sp R chhced e

is advi sabl e tha oVeé- mentione ar e 'S use orm an

anor phous 5 anspasenty «BLeebnoeondusti e, &l LD ope Ao slibst ol by st tering

I n order to | ower the resi tIVIty e anor ous tra rent

el ect rocongucy i %%x:dxdu‘iﬁ Eoyoed; atlf}ﬁd%lﬁé%étfs moRe @Hgﬁl%h 3 né&@@&ar ent
el ect roconduct i1ve filmis preferably heated to 200C or higher. The upper

limt of ghe MeabhBgatelPer ahur€ihs otadh bk e Th@CCatans i he: freat
resi stant tenperature of the substrate, and is preferably 400C or |ower.

The rangegehihheiamefRer atsume res preife rpkafersalhy o Qws330 to 350C, in
particular preferably from250 to 300C. It is preferred that the anorphous
transparent el eChrodexinulistrateal sSgheat ediametde of aimnd hatiddaneans
concentration of oxygen

the maximum grain diameter out of grain diameters of zinc oxide

whichareobtainedbymeasuringanyone surfacearea (30 umsquare)

in the surface of the sputtering target with an EPMA (electron

probe microanalyzer).

Thethirdmetal (sj is/arepreferablydispersedinthephase
of the indium oxide. The wording “is/are dispersed in the phase
of the indium oxide” means that no peak originating from the
third metal(s) is recognized when the sputtering target is
subjected to X-ray structural analysis.

The process for preoducing the sputtering target may be

a knownprocess. Forexample, theprocessisasinteringprocess.

1-3 Group (Invention of Amorphous Transparent Electrode

Substrate)

(3} The 1-3 group of the invention relates to an amorphous
transparent electrode substrate. An aspect of the 1-3 grcup
of the inventiocon is characterized in that one or more of the
amorphous transparent electroconductive films are formed on a
substrate.

One out of a plurality of the amorphous transparent
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i s0.1%r |l ess by volune. If the anorphous transparent electrode substrate is

heated in the state that the concentration of oxygen is over 0.1% by

vol une, the anorphous transparent el ectroconductive filmmy react with

oxygen to increase the resistivity of the anorphous transparent

el ectroconductive film It is nore preferred that the filmis heated at an

oxygen concentration of 0.05 % or |ess by volune. It is also preferred

that the filmis heated in the state that hydrogen is also present. Wen

the filmis heated in the presence of hydrogen, oxygen is w thdrawn from

the t ranspafBt CePBELESCgRIG e T DGR e GORSHF o carr | es

i ncreases r.the resistivity. . The concentration of hydrogen is
; F o het Rorbont

|
br f or bl § RFAREE 105 ooty “Gortng, o IS Tk ol
ror e than 1%y, .yl Uk, 146,y RS \tansRaten. el eetocondugtiye 111m

may be col ore thé concentration i's sufficient

dvant 'S b ' ' f hyd [
o1 o pr of 81 ab0y SLram 3 Yo SUEby° el bhe: M5 Sedbnd G Olg PAVERLi on The

rom vol une. n oup tnvention The

fol I owi ng tf}%%%gia%%tae§@8999<:958H@t&9¥ef‘$irf?(’s)f Horntd 8hMRY ditrate
above- nentioned second object mainly. This second group invention will be

descri bed jisnpdetarbpby Meymof t-218600R4d, andadigmite tdaty Wirlbh berslesay i bed
| ater. The transparent electrode of the second group i's substantially equal
to the amprphous transparent el ectroconductive filmof the first group. In
t he second group invention, the anorphous transparent electroconductive
filmis used asTas eliedtsddaie thiksstraitdeentsi apt 1LSmpaed.t optdfe fomdtion
t hereof, whereby the filmis called the transparent el ectrode.

a substrate excellent in strength and heat resistance, such as

a plece of glass, a heat resistant resin sheet, or a ceramic
sheet.

1-4 Group (Invention of Process for Producing Amorphous

Transparent Electrode Substrate)

{4) The 1-4 group of the invention relates to a process
for producing the amorphcous transparent electrode substrate.
An aspect of the 1-4 group cof the invention is a process for
producing the amorphous transparent electrode substrate of the
1-3 group, comprising the step of using any one sputtering target
in the 1-2 group to form the amorphous transparent
electroconductive film on a substrate, and the step of heating
the amorphous transparent electrcconductive film on the
substrate up to 200°C or higher.

When the above-menticoned amorphous transparent electrode
substrate is produced, it is advisable that the above-mentiocned
sputtering target is used to form an amorphous transparent
electroconductive film on a substrate by sputtering. In order

to lower the resistivity of the amorphous transparent
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Basic Structure (Type 2A) In order to attain the above-nentioned object, the
color filter for liquid crystal display of the present invention conprises
an electrically insulating transparent substrate, a colored |layer formed on
the electrically insulating transparent substrate, and a transparent

el ectrode forned on the colored |ayer, and having the foll ow ng
characteristic. The transparent el ectrode conprises an anorphous oxi de
conprising a zinc elenent and an i ndium el enent, and conprises one or nore

I I d f R b Mo d . Thi i | | ed
chements SSLseLed [Lom B, 10, Wolhegnd 2y TS stEvclir s s salled {ype
above- mentl one .a?‘%h%céleétr?o Qe fId Eer fi%eréfé’iﬁé’lpgkeyﬁ%d@boeﬁﬁb“‘c
I nventi on conprises an el ectlri ca(ft[y I nSul at'l ng rans fent substirate,

transparent. , £lgcl rodg, J Q\Eg%grl fé“SgeéheeCB%SE% B‘ceirrgafeéﬂnafédf&gé%{ A Ragent 19

substrate, and a col ored ormed on the transp e, wherein

the transpar ent- £l eelH=008 +¢OMRY 3835 1A%« AMRRROUSHPE A8 LAY Sig a zinc
el enent and an indium el enent, and conprises one or nore elenments sel ected

fromRe, MNapbs\hraVe, and Zs priddisrfirpatoure o5 @owdd UCtiukerwhgeesn tHe
position of the transparent el ectrode of type 2A and that of the colored

| ayer t hereaipeaiz@ uexchanget beefeaablgt hesm JBU sosIFofctuie garticallad type
2B for convenience' sake. These are structures different fromeach other in
form Howpwerfertadiyr frefaradt exd KO0ECstructures (materials of their
transparent electrodes) are equal to each other. The color filters based on
t hese basic strictis egafeyrdes] thsed g aablrptiosysl aysneperent <ldarrddd t er
with el ectrodes are

substrate is heated in the state that the concentration of oxygen

is0.1%orlessbyvolume. Iftheamorphoustransparentelectrode

substrate is heated in the state that the concentraticn of oxygen

is over 0.1% by volume, the amorphous transparent

electroconductive film may react with oxygen to increase the

resistivityof the amorphous transparent electroconductive £ilm.

Tt is more preferred that the film is heated at an oxygen

concentration of 0.05% or less by volume. It is also preferred

that thefilmisheatedinthe state that hydrogenisalsopresent.

When the film is heated in the presence of hydrogen, oxygen is

withdrawn from the transparent electroconductive film so that

the density of carries increases so as to lower the resistivity.

The concentration of hydrogen is preferably from 1 to 10% by

volume. If the concentration of hydrogen is more than 10% by

volume, the amorphcous transparent electroconductive film may

be colored. TIf the concentration is less than 1% by volume,

sufficient advantagecus effects may not be obtained. The

concentration of hydrogen is more preferably from 3 to 8% by

volume.
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to be used. However, these color filters would be typically wused in liquid
crystal displays in many cases. \Wen any one of the present color filters
is used in aliquid crystal display, the above-nentioned invention is a
"color filter for liquid crystal display"', and the above-nentioned
transparent electrode is a "liquid-crystal-driving transparent el ectrode"'.
The follow ng describes the present invention, giving a color filter
usedmai -niy in a liquid crystal display as an exanple. El ectrically
Insulatin% Transparent Substrate As the electrically insulating transparent
substrat erE 3 Y % pbstrates made of various materials that have
been hitherto u§gd foi a color f ilter for Ii §id cryst.al displa%. Specific
exanpl es of thel8FelPHICYIPY FRSGI ?ﬁgatﬁﬁﬁgg r AP YEUBSFETE P ndCdde
various el tnicall¥ ins%Iatin %0 t r anspar.ent g}as es suqh as nge pl at e

P a ntl o 1in 1

gl ass, mhﬁteaﬁpépg g ss,oﬁgﬁpalkaﬂneg §§§Fn8uarﬁfcb ass did BOFSsi | i cat e

glass. O her, %Pg%BBFPiﬁééHEESE Qﬁlﬁhﬁe?é8§%£iﬁéé'%hiéé%%fﬁi§§’&Jﬁﬂﬁ?are”t
substrate i nclad ~various electrically insulating polyners such -as

pol ycar bogate.pe }é%%'&%lri%!élng_ enet RAeH lene digfephithalat epnepol yaryl ate,
anor phous polyol efin, allyldiglycol carbonate, acrylic resin, epoxy resin,
and pol yethenhsoQrRelh SPest fdde 0@XAPLESoRA girbepel #stipkeahkyanngWatdng

t ranspar ent suggtrate i nclude products each ogtalned by coating any one of
the aboveoned hepegheliectrdrsdnerd st at Fdgotdenspas entingb assesri Mt h any
one of the above-nentioned electrically insulating polynmers. The

el ectri cablrpubnsul atihrgs ¢S pasepti nsehsticat, echd Ambhphb¥eitd rypd rSe ot
necessarily in a plate form and nay be in a sheet or filmform Colored
Layer electrocenductive film is used as an electrode; thus, attenticn

is paid te the function thereof, whereby the film is called the
transparent electrode.

Basic Structure (Type Z2A)

In order to attain the above-mentioned object, the color
filter for liquid crystal display of the present invention
comprises an electrically insulating transparent substrate, a
colored layer formed on the electrically insulating transparent
substrate, and a transparent electrode formed on the colored
layer, and having the fellowing characteristic.

The transparent electrode comprises an amorphous oxide
comprising a zinc element and an indium element, and comprises
one or more elements selected from Re, Nb, W, Mo and Zr. This
structure is called type 2A for convenience’ sake.

Basic Structure (Type 2B)

In order to attain the above-mentioned object, the color
filter for display of the present invention comprises an
electrically insulating transparent substrate, a transparent

electrode formed on the electrically insulating transparent
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For the colored |l ayer, various colored materials that have been hitherto
used for colored |layers can be used. In the sane manner as in the prior art,
plural colored |ayers different in spectral transmttance characteristics
are appropriately conbined and used in accordance with whether the target
color filter is a filter formulticol ordisplayora filter for full color
display. Simlarly, plural colored |layers different in spectral
transmttance characteristics are appropriately conbined and used in
accordance with the kind of a backlight set onto the target color filter
used in asubglirdteer pidala dicdpirgd IRySFe dorvedmgre ting & Hadrsraiendol or ed

| ayers used therefor are appropriately selected in accordance with not 21
only the spectraderr ahsmctitande diansdraandt icds A adfe aoaRgatSe T dltor ed

| ayers but also themethod for formng the colored | ayers . The method for
forming t RECCHNONSPF HIR FOTP LIS 1RGt2 ZpAFtS aMeltt §PFidh tBdIvARRf gent,
appropriately selected fromvarious. nethods that have been hjtherto used,
such as dﬁ‘é’ic‘%ﬁ"{“@‘éﬁﬁﬁﬁu‘é{le Hr MEien§LEBERAP qiR! ST S Pper i §er elRni Yudio

el ectrodeposj tion _techni que and.m cell eel ectrolysistechnique,in accordance
W th | heBBReEFer R TSt T Fa Lne 15 GE b POEAT SPS RPSbEheR SF actor s

When t he %%%o%ed |_a er%%) is/%re colgrgd by n ue, there are

yei t echni
used, for exanﬁFQF tSlos %ﬁgerﬁﬁ réin gpep%%t%%%g%???z%f %s?aﬁﬁﬁﬁf%Q)

Catin ! . | e Che. Like. 4
gelatin Cl%fy%lrntagg%ex%%é te%'c%% ed 58?6%% g:)t%@rde ghflts ?tl:b%guﬁg{‘lﬂst an acl

dye or reactive e colore I's/ar or ned i ng

techni que. 9 LXaRl op Golhskiake sherci.a ol grEaL a0d . dishecs on ald

are added to a ol yner an ink is used. VWen the colore ayer (s)
i s/are colQred Ly +dirSREr $ING other in form. However, their

characteristic structures (materials of their transparent
electrodes) are equal to each other.

The color filters based on these basic structures may be
used in all displays where a color filter with electrodes are
to be used. However, these colcor filters would be typically
used in liquid crystal displays in many cases. When any one
of the present color filters isusedina liquid crystal display,
the above-mentioned invention is a “color filter for liquid
crystal display”, and the above-mentioned transparent electrode
is a “liquid-crystal-driving transparent electrode”.

The following describes the present invention, giving a
colorfilterusedmainlyinaliquidcrystaldisplayasanexample.

Flectrically Insulating Transparent Substrate

As the electrically insulating transparent substrate,
there can be used substrates made of various materials that have
been hithertc used for acolor filter for liquidcrystal display.

Specific examples of the electrically insulating

transparent substrate include various electrically insulating
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techni que, there is used, for exanple, a color resin wherein a coloring
agent such as dye, organic pignment or inorganic pignent is dispersed in a
transparent photosensitive resin or transparent resin. Wen the col ored

| ayer(s) is/are forned by el ectrodeposition technique, there is, for
exanple, an electrodepositing solution wherein a coloring agent such as

pi gmrent and a pol ynmer are dispersed in a desired solution. Wen the col ored
| ayer(s) is/are formed by mcelle electrolysis technique, there is used,
for exanple, a substance wherein a mcelle-producing agent and a

hydr ophobitg cospariend PP sees etcaras Bilsparised: ghaan, ajuesup latdidimstavi ng a
desired electroconductivity. When the colored | ayer(s) is/are fornmed by

el ect r odepesitildn lleghad qualiGrr i 6ehFe, dstbpobpdild ceréehml gpe; Qfher
transparent electrode is necessary for performng the el ectrodeposition or
the el ect Bolegdifdc agedpdeagofothneskecihet Probky il Bred 1afaynt s/ are
formed on the surface of the transparent electrode. In this case, the

t r anspar eftPséraderigiel WU T 0P8 A 166 et $ayet I1E PoAUehE UKEH, as it
is, as a Iigg{d-cr stai-driving el ectrode. Alterngtively, a | iqyid-crystal
-driving éF %Yd?fef‘k??ﬁiﬁtb@e BRpYAF 20 F §U+ brhRdPEh YL RY LEBEGTRIFR YA | " as
w Il be described |later. In the case eret transparent el ectrode used
Fo 1 orm EROTEONGRER | APErTEGES FOLYead ey il i SR IR et o

-driving eI%c “%er %ngi%pn aqprghousngﬁi%g tggi mﬁl@t e des%rg ed later is
used as t A& YmateiTal' "6f & Yel" &t 8dETH s YarmorHous - 8XF d&PFSTon& feature

of the pr%&%%l‘e’%" Pty 0 ’el%%t‘”rdi'c{al% Qﬁﬁﬁié%ﬁg'9E§rﬁds?%£‘$nf°s!u%eﬁdrét%’er(S)
may be a singreé Colored layer. 1 i'sTal'so prefefre a He Colored | ayer
(s) 'S/arﬁn%hﬁﬁﬁlpE%ﬁﬁ%%s each obtained by cecating any one of the
above-mentioned electrically insulating transparent glasses
with any one of the above-mentioconed electrically insulating
polymers. The electrically insulating transparent substrate
in the invention is not necessarily in a plate form, and may

be in a sheet or film form.

Coleored Layer

For the colored layer, various coloredmaterials that have
been hithertc used for colored layers can be used.

In the same manner as in the prior art, plural colored
layers different in spectral transmittance characteristics are
appropriately combined and used in accordance with whether the
target celor filterisa filter formulticolordisplayora filter
for full color display. Similarly, plural colored layers
different in spectral transmittance characteristics are
appropriately combined and used in accordance with the kind of
a backlight set onto the target color filter used in a liquid
crystal display. Respective materials for the cclored layers

used therefor are appropriately selected in acceordance with not
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(in plural colors) . The arrangenent pattern of the respective colors of
the plural colored layers is not particularly limted. |In the sane manner
as in the prior art, the arrangenent pattern nmay be adopted from vari ous
arrangenment patterns -in accordance wth the operation node or the
performance of the liquid crystal display wherein the target color f ilter
is used, or other f actors. For exanple, a stripe form a nosaic form a
triangular form a 4 -pixel arranged form or the |like can be appropriately
adopted. 23 Transparent Electrode In the color filter for display of the
type 2A ofenliyethenveeetonl taranrunspgaret chlegariedd sits copedher-ataet
above-nmentioned plural colored |layers. This transparent _electrode conprises
an anor ph&@s-oegicded ¥t At hird§ ot ha het epe fentt oaHd R AELGHCE eEhiSas its
conmponents. Wien the invention_ is constructed as a color filter for liquid
crystal di spl aylPet Rpshprahspafenmisgebtifode lrsefeddefedsd is not

"lI'i quid-crystal -driving, transparent electrode".. In the cqlor filter for

ai sl ay oPng s s R A s A roe kb ha e SO o YRR A S for med
on its el ectrical insul ati ng transparent, substrat and further the

O hove: monfEsHsae bl aF S b EPn d CRETET 2R, rhatt RS Sn N i nar ent
el ectrode coerr.i sesce%@m%rr%repho IS, %Xisdl% C r{1etC innli n a Zi cro%![eerresn.t iannd an

i ndi um el Ement &9 IS Comporents® Ktyplgca exanpl'e o]Tect e Tact Jttha a

mat eri al ' i s t i ndj e i nmonent s"
is a facttiQg%ﬁﬁ%%éﬁﬁ%%??%FHS%?%gﬁggg gagt%#%%“%%%%é%ﬁgaﬁ§§g%%%ﬁ |ﬁ%}elenent

as main Cabj.onieeieheaenbay, henothenkvepbLond g, Fonstraet et as i col or
filter for | QUI& crystal élsplay, this transparent electrode is rendered
a "liquidgrystal -driving transparent el ectrode”' in

When the colored layer(s) is/are colored by dyeing
technigque, there are used, for example, a substance wherein a
photosensitizer is added to gelatin, casein, polyvinyl alcohol,
polyacrylamide or the like, and an acid dye or reactive dye.

When the colored layer(s) is/are formed by printing
technique, for example, a substrate wherein a pigment and a
dispersion aid are added to a prepclymer or an ink is used.

When the colored layer(s) is/are colored by dispersing
technique, there is used, for example, a color resin wherein
acoloringagent suchasdye, organicpigment cr inorganicpigment
isdispersedinatransparent photosensitiveresinortransparent
resin. When the colored layer (s} is/are formed by
electrodepositicn technique, there is, for example, an
electrodepositing solution wherein a coloring agent such as
pigment and a polymer are dispersed in a desired solution.

When the colored layer(s) is/are formed by micelle
electrolysis technique, there is used, for example, a substance

wherein a micelle-prcocducing agent and a hydrophobic coloring
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the sane manner as the type 2A. Atomc ratio between In and Zn In either of
the type 2A or the type 2B, the value of [In] [Zn] + [In] ) , which is the
atomc ratio between the zinc elenent and the indiumelenent in this
anor phous oxide, is preferably 0. 7 5 or nore and less than 0. 95. If the
atomc ratio 24 is less than 0.75, the oxide becones crystalline easily.
Wth the crystallization, cracks or creases are easily generated. On the
other hand, if the atomc ratio is 0.95 or nore, the electroconductivity
falls unfavorably. The atomc ratio is nore preferably 0. 8 or nore and
| ess t han™@ltes aéﬁddﬁ§P§¥§ﬁdn6Pea“p@@P@P&ﬁlVe@l@ﬁl@@Vﬁﬁ@baaﬁﬂﬁﬁé§§ithan
0. 9. Fbrelg % represents the nunber of the indium atons per unit nass,
and [Zn] FEFCELENCEMRE IVdYer of the |nd|un1atons per unit mass. The same
notations are Uﬁﬁd hg ei nafter Addltlon of ¥ Wor M As described
above, the (iiqllff§"c b?tﬁP are Suﬁayer F&n%ﬁé?éﬁt 8F@89r8§é (anDrphous oxi de)
of the invention is character zed b urtherl gP ;S|ngt nor e

Bhe grY ¢

el ement s SEFECCEd LRFAMRL, “NE A0 (7 AH MO 25 i
el ement s gt her, L1an Lhe Zag aeq%n&le%%%sar ) wp.domRnt, The

i ncor porati on possible 0 i npro

el ectroconquetl yid r‘_e%; Qf; ¢tife %rprt@l%o'réﬁe@%'r%ﬁ SG6l.1 A hgo%iﬁ al 5dehyiag)

transparent el ect However the ratio of totaf amount of these

el ements A he, t%é' cé‘i@f‘@& oy @H s i he catd %B'r?ne%l' GHEE'IHé 4 fRLE dshan |

at% (atomc % , the elect roconduct ivity is easily lowered by 1o0on

scatteri ng:heAQQ%'h@'pfég'leYht the draldae . (CQmo@ﬁ@Qt chaki ornef trhhephekak amount of
t hese el ements has a preferred nuneri cal

electrode used to form the colored layer(s) may be used, as it
is, as a liquid-crystal-driving electrode. Alternatively, a
liquid-crystal-driving electrode may be separately formed on
the colored layer(s), as will be described later. In the case
where the transparent electrodeusedto formthe colored layer (s)
isused, as it is, asaliquid-crystal-drivingelectrode, a given
amorphous oxide that will be described later is used as the
material of the electrode. This amorphous oxide is one feature
of the present invention, as will be described later.

The colored layer(s) may be a single colored layer. It
is also preferred that the colored layer(s) is/are plural layers
(in plural colors). The arrangement pattern of the respective
colors of the plural colored layers is not particularly limited.
In the same manner as in the priocr art, the arrangement pattern
may be adopted from various arrangement patterns in accordance
with the operation mode or the performance of the liquid crystal
displaywhereinthetarget colorfilterisused, orother factors.
For example, a stripe form, a mosaic form, a triangular form,

ad-pixel arranged form, orthelikecanbeappropriatelyadopted.
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range. This range is varied in accordance with each of the elenents. In the
case of, e.g. , Re, the ratio thereof is preferably 0. 0001 or nore and O.
005 or less, nore preferably 0. 0005 or nore 25 and 0. 005 or less relative
to the total anmount of all the cationic elenments. In the case of No, Zr, W
and Mo, the ratio thereof 1is preferably 0.001 or nore and 0.01 or |ess
relative to the total anount of all the cationic elenents, nore preferably

0. 002 or nore and 0.008 or less relative to the total ambunt of all the
cationic elements. Oher structures of the invention Furthernore, another
aspect of T£RES 6nCEsIO%Raracterized in that the transparent el ectrode

(or the Iliquid-crystal-driving transparent el ectrode) conprises a
anor phous oxideIEo%gﬁiﬁP 8rafégt8FeEEEtdbé?#ﬁ@sofhégéoﬁﬁBﬁegﬁsO%oFﬁghe
above-nentione%.basic %tructure th %%pe 2A.an% the type,.2B). As descri bed
above, whéRVE S8 effent A 'SPAGA e E&6F5orat ﬁrpﬁgoéﬁhghfhnrphous oxi de
whi ch con%%B%utes Ehe traﬁ%gaﬁent electrodergqr He Ing|d-%%%%Eal-dr|V|ng

L Y 1 19de (or &
transpar en e eénFPO 8 ,e t hé Fectcpoggr?guctap}\?l ty | S f—lslr %PSP roved.

However, Lhe preselod NI OLS orl-03821eh, has. dawonsialed: hhah aen. the

atomic ratio that is the ratio o contain nin thetotal ambunt of all

the cationing §heMRAL8m LScfeflB 95 DPLErohhEn&hest r aandugd vidoeds gasily
| owered by 1ion scattering. For this reason, the ratio (atomc ratio) of

cont ai ned i sSBohArENertat ab aMBynty Of i Bkdy ther CAldoN G &) ANt dys 4y ef er abl y
0.015 or nore and less than 0.03. This ratio (atomc ratio)

this transparent electrode is rendered a

“liquid-crystal-driving transparent electrode”.

Tn the color filter for display of the type 2B of the
invention, a transparent electrode is formedonitselectrically
insulating transparent substrate, and further the
above-mentioned colored layer(s) is/are formed thereon. This
transparent electrode comprises an amorphous oxide containing
azincelement andan indiumelement as its components. Atypical
example of the fact that a material “contains a zinc element
andanindiumelementasitscomponents” isa factthatthematerial
“contains a zinc element and an indium element as main cationic
elements”. When the invention is constructed as a color filter
for liquid crystal display, this transparent electrode 1is
rendered a “liquid-crystal-driving transparent electrode” in
the same manner as the type 2A.

Atomic ratio between In and Zn

In either of the type 2A or the type 2B, the value of
[In]/{[Zn] + [In]), which is the atomic ratio between the zinc
element and the indium element in this amorphous oxide, is

preferably 0.75 or more and less than 0.95. If the atomic ratio
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is nore preferably 0. 018 or nore and less than 0. 03, even nore preferably
0.02 or nore and |less than 0.028. 26 The transparent el ectrode (or the

| i quid-crystal-driving transparent el ectrode) conprising the
above-nenti oned anorphous oxide can be forned: a. on the above-nentioned
plural colored layers, or b. between the above-nentioned electrically
insulating transparent substrate and the plural colored layers in the sane
manner as in the prior art. However, it is preferred that the electrode is
formed on the above-nentioned plural colored layers in order to prevent an
i ncrease A tpestHradsRoel’§  veheaygel &F bgconssl ayvefembhne (§7ilexanpite a
liquid crystal display elenent), a decline in the sharpness of the rise

t hereof, 6Pet REYFLREIIFALLRANs €A3EXKStPE CEIRTRT G PP Ve IEMPER @ F-ectly on
the colored | ayers, Preferably, the electrode is forned over the col ored

| ayers i n“"st8R LEREANEATEnat fa tEaRsPALENE 256t é6t ivé D &FeMATE i & posed

t herebetween in order tq inpraqve_the flatne or snoot hness of . the
{ r anspar eRt SETEEEPBAYCOR Vpi gt dEt LohEE AN GraR Wayer RS ThPELct FahdBatent

tecti I b f ic t t [ | yimd
Fr anapar oRPFLRF B F FPR b (S amRe et ar Cake T h RS P Por 1S Lo T oR i kness of
Transparente%g%%%&odﬁ E%eo&iIg&%hg%%n%%%sthgge t ;anspar ent el ectrode (or
t he quuP&-crys ar- riving F?ansparent electrogé)'conprising t he
above- nenti oned - nho ' ' f : t m |f
fhe thi ckness. | SoToLb "t RER® 3b- BregeRbieths e SR HAIIHIME oo

n rons, a sufticient electroconductivity

cannot begasiiy: a3l etk [ 8R) Uil s BABGhurlded BE Y £KASSS didnPre than
1 m the Fight transmttance

per unit mass. The same notations are used hereinafter.

Addition of Re, Nb, Zr, W or Mo

As described above, the (liquid-crystal-driving)
transparent electrode (amorphous oxide) of the invention is
characterizedby furthercomprisingoneormoreelementsselected
from Re, Nb, Z2r, W and Mo as one or more cationic elements other
than the zinc element and the indiumelement. The incorporation
of the element (s) makes it possible to improve the
electroconductivity of the amorphous oxide
{{liquid-crystal-driving) transparent electrode).

However, if the ratio of the total amount of these elements
in the total amcunt of all the cationic elements is meore than
1 at% (atomic %), the electroconductivity is easily lowered by
ion scattering. Accordingly, the ratio (component ratio) of
the total amount of these elements has a preferred numerical
range. This range is varied in accordance with each of the
elements.

In the case of, e.g., Re, the ratio thereof is preferably

0.0001 or more and 0.005 or less, more preferably 0.0005 or more
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27 falls easily. The value of the filmthickness is nore preferably from
500 to 5000 angstrons, and is in particular preferably from600 to 4000
angstrons. The shape of this transparent electrode is appropriately

sel ected in accordance with whether the operation node of the liquid
crystal display wherein the target color f ilter 1is used or other factors
in the sanme manner as in the prior art. Shape of Transparent El ectrode For
exanple, in a color filter used in a sinple matrix type liquid crystal
display or an active matrix type liquid crystal display of a diode system
t he transpadedntOl ectlresderel st reader gae dotiaguanbwry of & l-1dt heiasd tarars par ent
el ectrode made into the formof plural stripes. In a color filter used in
an acti veedamenkst ypen| ikpicrsefistie, dirsplagnéfMa, ttHis Fatin thhersict or
system the transparent electrode may be rendered a 1 iquid-crysta 1
-driving teaRsparsablyelelflofE hage drdal sPhgte Fe3mredmt Harshartent

el ectrode may . be rendered |liquid-crystal-driving transparent_el ectrodes

et ched coFPé@ééNﬁ?ﬁfPSE?%%EEEﬁ%R%%ﬂ&%?%?m?ﬁtéU&WQ%@E§?eFﬁElY0-002

| i quid-crystal -drivin nspar ent | ectrode s forned, for example, in any
one of thETrBPFOWHG CrIEEY 4 ot cdrEdtFote Faerorheh S & Fdile f11 m

forn1conn2g to all . ix§ls. .. The pixel electrode is fornmed in such a form
that the “fisC@&16f Fnhé pf'X&i-%el ectrode is etched into a strip form c¢. The

pi xel electrode is forned ch.a formthat the 28 inside of the pixel
eIeCtrOdegkéeg gﬁg&chggs o% iﬁg %nwggtggg

Furthermore, another aspect of the invention is
characterized in that the transparent electrode (or the
liguid-crystal-driving transparent electrode) comprises an
amorphous oxide containing a 5n element besides the compcnents
cf the above-mentioned basic structure (the type 22 and the type
2B} .

As described above, when a Sn element is further
incorporated intoc the amorphous oxide which constitutes the
transparent electrode (or the liquid-crystal-driving
transparent electrode}, the electroconductivity is further
improved. However, the present inventors’ research has
demonstrated that when the atomic ratio that is the ratio of
contained Sn in the total amount of all the cationic elements
is 0.03 or more, the electroconductivity is easily lowered by
ion scattering.

For this reason, the ratio {atomic ratio) of contained
Sn in the total amount of all the cationic elements is preferably
0.015 or more and less than 0.03. This ratio (atomic ratic)
is more preferably 0.018 or more and less than 0.03, even more

preferably 0.02 or more and less than 0.028.
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d. The pixel electrode is formed in such a formthat the inside of the pixel
electrode is etched into a circular form e. The pixel electrode is forned
in such a formthat the inside of the pixel electrode is etched into a
"<"-shaped form f. The pixel electrode is fornmed in such a formthat the
inside of the pixel electrode is etched into a zigzag form The transparent
el ectrode etched in this way is generally produced by patterning the
transparent electrode filmhaving a desired size by etching technique. The
etching solution used in the etching is aqua regia, which is a mxed

sol ution of nitfFle FAELATEHyaFBERFo7F d CdcHe 1140 18qGeyFs ado1dts Vor Dof

hydr ochl oric acid and aerric chl oride, .an aqueous sol utiqn of, bromc acid
(HBr), a HFRBAPEGFIE: 6hSGt T Opfids pRBPEE Sd8Hd Fac 8PP a8 a tand St tri ¢ aci d
(PAN based etg ant)b ;an a%%e us s%%ytLon of organic acid such as oxalic
acid, or tR&™PIPKE. ﬁqug r gi a, Fﬁe ESerus sol ution of hydrochloric acid

and ferric chIOé?dggc%ggi%gﬁgggﬁﬁgghgaggn gﬂrgﬁogggog%h?%évEEg_ Qr the like

is a strong aci e acid resrstance A1 't es

t heref or may b689§e?§&§§3%8-a%@-%& 'fc%rhéé‘%l%t t%q%aaiclielp’ir{[sh & iRy be

caused a probl em e regeneration 0 e acid, a problemo

transportg%ﬁepggenrt@uﬁ Q@é%tnigﬁehega‘dmm eehgrelanpapilf@&npm@'s%% On the

ot her han Inthe case of a weak aci such probl ens becone smaller than

in the caggnneft theist £ORIPRGLG. aTRus, the solution thereof and the
preparation therefor are easy in nmany cases. Therefore, etching based on

the PAN type oryewgasr¢ wedk pekdot-eBdsthor badprekerrede 29 Byrmad ter ni ng
the pixel area in this way, in particular, a color filter for active matrix
l'iquid crystabbei-sphaytianeepl st ald b reanshieeisedn order to prevent
an increase in the threshecld voltage of a display element (for
example, a liguid crystal display element), a decline in the
sharpness of the rise thereof, or the like. 1In this case, the
electrode may be formed directly on the colored layers.
Preferably, the electrode is formed over the colored layers in
such a manner that a transparent protective layer is interposed
therebetween in order to improve the flatness or smoothness of
the transparent electrode or protect the colored layers. This
transparent protective layer can be made of an acrylic
transparent resin or polyimide transparent resin in the same

manner as in the prior art.

Film Thickness of Transparent Electrode

The film thickness cf the transparent electrode (or the
liquid-crystal-driving transparent electrode) comprising the
abcve-mentioned amorphous oxide is preferably from 30 angstroms
tolum. Ifthethicknessis less than 30 angstroms, asufficient
electroconductivity cannot be easily obtained. On the other

hand, if the thickness ismore than 1 um, the light transmittance
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Formati on of Transparent Electrode (or Liquid- crystal -driving Transparent
El ectrode) by Sputtering OF course, the above-nentioned transparent

el ectrode conprising the anorphous oxide or a transparent electrode film
which is a base therefor can be forned by various nethods. However, it is
particularly preferred to formthe electrode or the filmby sputtering
using, as a target, a sintered body conprising a hexagonal |anellar
conmpound represented by 1n203(ZnO mwherein m= 2-20, preferably m= 2-8,
and nore referably m= 2-6 in order to obtain a highly honbgeneous film
excel | ent i3 RIS Viefress while preventing the filmfrombeing cracked or

peel ed. Used Target The target y. consi st essentially of _the

above- menti oned X& 8ﬁanI5%%F§%&mc 'S 35 MRy ScBREAFRAPhYI TFPDBxi de or
zinc oxi Si t_he hexaqgonal .| amellar_conpound. wever , the rity of
the oxi de T4 prel STAmPdT Fign o8¢ Podsi Br 6 aREET -t 5508 Y nore.
Furt her nore, ity ref ed .0 to-this target, o r re_elements
sel ected H%%#pag,§R§?§E§§Evvéﬁga%@g¢Fn8§H2{1%5359§Fm6§?ﬁ©e288%98 Fa%aet, a

transparent, gl ectrade oc tLapsparnent-gLashrada o L bAYE ng 2.l gher .
duct an be o t f he

el ectrocon I'vity tali ned. However, i eratio o 2l enent s

(the abovgsdesti-ared feg MysZhi q\eand M alemems) added 1A he1 80y

finally-obtained transparent” el ectrode or the transparent electrode filmis
nore than s w@td(8t Afifer @hkebrikel @ttheeskRetihnd Okal i araibrebrahtct he
cationic elenents, the elect roconduct ivit y is conversely liable to be
| ower ed bysHae stattieidprerorElditSrs@ason, the dope anount is adjusted in

For example, in a color filter used in a simple matrix
type liguid crystal display or an active matrix type liquid
crystal display of a diode system, the transparent electrode
isrenderedaliquid-crystal-driving transparent electrode made
into the form of plural stripes.

In a coler filter used in an active matrix type liquid
crystal displayofathinfilmtransistor system, the transparent
electrode may be rendered a liguid-crystal-driving transparent
electrode made of a single film. The transparent electrode may
be rendered liquid-crystal-driving transparent electrodes
etched corresponding to respective pixels.

In such cases, the liquid-crystal-driving transparent
electrcde is formed, for example, in any one of the following
forms:

a. The electrode is formed into a single film form common
to all pixels,

b. The pixel electrode is formed in such a form that the
inside cf the pixel electrode is etched intc a strip form.

c. The pixel electrode is formed in such a form that the
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such a manner that the ratio of the dope elenents (the above-nentioned Re,
N b, Zr, Wand M elenents) to the finally-obtained transparent el ectrode
or transparent electrode film the ratio being represented as atomc rati o,
is not over 0. 01 relative to the total anount of all the cationic

el ements. A Sn elenment nay be added to this target. If the ratio of the Sn
elenment in the finally-obtained transparent el ectrode or transparent

el ectrode filmis nore than 0. 03 relative to the total anobunt of all the
cationic elenents, the electroconductjvity is conversely liable to be

| oner ed byTE3AE Sk &PER PR SACCHTACHGHS & e TbREC Anbant 2BEUSATI IO TR ust ed
in such a manner that the ratio of the dope elenment (Sn) in the
finalIy-obtaineg'tT%ﬁéﬁﬁﬁghF CEE%%%HéSOEOFQ%§SHéF%H#I3I£8FWOG%§¥iqqﬁ t he
ratio being represented as atom ¢ ratiq, is,.nat.npre than 0.03 relative to
Lhe Lot al LmdaRt obf LT IPTRe CHTGHS eeRbnPET EBPRE I OHE Bl Aar g The
above- nenti oned_t t ¢ i ne I S I i ng of
Mat eri al s First?'?ﬁ%g#”5%?%3ﬁﬁgggggﬂ%g§e%$£?§§?ﬁﬁfﬁ%ﬁh%,f%?ha@%%%ﬂg%%d 31

which is ganvertsd 4Q Fgggyr@p&%@a ifs LEERG (i) sexamplgap LA UM .

chloride, indiumnitra I ndi um acetate, indium hydroxide, or 1ndium

al koxi de) ; andfzifige Qxi:e) Qlecd rGRIPOUNEWHEGN A SsucanveEbesl thoL ZHe oxi de
by f iring (f or exanple, zinc chloride, zinc nitrate, zinc acetate, zinc

hydr oxi dein@fi g&i BE @hkoxiige)l. eAkdthicsidl 1R etlchddhiintd ¥ Wigyb:5 added a met al
oxi de, hydroxide, al koxide, chloride, nitrate or acetate which is

The transparent electrode etched in this way is generally
produced by patterning the transparent electrode film having
a desired size by etching technique.

The etching solution used in the etching is agua regia,
which is a mixed sclution of nitric acid and hydrochloric acid,
an aqueous sclution of hydrochloric acid and ferric chloride,
an aqueous solution of bromic acid (HBr}, a mixed solution of
phosphoricacid, aceticacidandnitricacid (PAN based etchant),
an aqueous solution of organic acid such as oxalic acid, or the
like. Agua regia, the agueous solution of hydrochloric acid
and ferric chloride, the aqueous soluticn of bromic acid {HBr)
or the like is a strong acid. Accordingly, the acid resistance
of the facilities therefor may become necessary. Because of
the strong acid, theremay be caused aproblemof the regeneration
of the acid, a problem of transportation for the regeneration
of the acid, and other problems. ©On the other hand, in the case
of a weak acid, such problems become smaller than in the case
of the strong acid. Thus, the scluticn thereof and the

preparationtherefor areeasyinmanycases. Therefore, etching

based on the PAN type or organic weak acid tends to be preferred.
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selected fromRe, Nb, Zr, Wand Mo if necessary. The use of such a
conponent nekes it possible to yield a target which is capable of producing
a liquid-crystal-driving transparent el ectrode containing one or nore out
of Re, Nb, Zr, Wand Mb. It is also preferred to add, to the m xture, a
nmet al oxide, hydroxide, al koxide, chloride, nitrate or acetate of Sn. The
addition of the conpound of Sn nekes it possible to yield a target which is
capabl e of producing a quuid crystal - driving transparent el ectrode

containing Sn. _Firi d Mat er i the t hus - Id xture is
pre-f ired at 508 R r&?% el\lgxt(el'CL qr{jtleear elsnul Paﬁt ¥é P ecpr ogucr‘?t’ IS

pul veri ze , I ; [, the
like to ylge{:gj1 &qal etre \(/)Irnaé‘ﬁ%? orrrlénr%%)%}r tl?Lc e SI z \%mltﬁf‘?tﬁt{%g]%%%%e of 0.01

to 5.0 P @gggﬁ t-he Pyl veLizi ng, the pre-fired product may be subjected
to reduc?%gn tregtnenf at 1%0 to 800'C. If necessary., the pre-firing and

DU|Ver'Z'@grﬂBtEB%,@PWQ%hsgﬁﬁé@% Eepeatsde uﬁh%&%@ﬁ%&%my@&%lL%§%Hﬁ%§F powder
i s fashi one nto esire or m uander Ppressu ashi product is
sintered rea%h208r33+tt @1240Q0Ge)Abyt Bbsittemngpol yvi nyl al cohol ,

met hyl cel Tul'ose, ~ pol ywax or olelc acl d maybe used as a srnterlng aid if
necessary. A sontesedsbpdyhesaybebdedntnohbistwayspuhenebylantabned target
can be yielded. Sputtering using this target nay be perforned by RF

sputteri ngpmbCisputt e ropoarpHdies bikkde dn agenenabarthe &Xectspodd efriilng 1 S
industrially preferred fromthe viewpoint of productivity, or the film
property whitheisesubtant thiekmfosn caexbeplferokds put tveriing scowdihoidens for t he

DC sputtering is as
However, it isparticularlypreferredtoformtheelectrode

or the film by sputtering using, as a target, a sintered body
comprising a hexagonali lamellar compound represented by
In,03{Zn0)m wherein m = 2-20, preferably m = 2-8, and more
preferably m = 2-6 in order to cbtain a highly homogeneous film
excellent in adhesiveness while preventing the film from being
cracked or peeled.

Used Target

The target may consist essentially of the above-mentioned
hexagonal lamellar compound, cr may contain indium oxide or zinc
oxide besides the hexagonal lamellar compound. However, the
purity of the oxide is preferably as high as possible, and is
desirably 95% or more.

Furthermore, it is preferred to add, to this target, one
or more elements selected from Re, Nk, Zr, W and Mo. In the
case c¢f using such a target, a transparent electrode or
transparent electrode film having a higher electroconductivity
can be obtained. However, if the ratio of the elements (the

above-mentioned Re, Nb, 2Zr, W and Mc elements) added to the
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follows. Specifically, the atnosphere for the sputtering is rendered an
inert gas such as argon gas, or a m xed gas of an 1inert gas and oxygen gas,
and the atnosphere pressure at the tinme of the sputtering is set to about 5
x 10-2 to 1 x 10-4 Torr. The voltage applied to the target is set to 200 to
500 V. If the vacuumdegree in the sputtering is less than 5 x 10-2 Torr,
the stability of plasm deteriorates. on the other hand, if Y -4 the vacuum
degree is nore than 1 '10 Torr, the voltage applied to the target is not
easi ly made hiﬁh. |f the volta%e applie to the targg% is |less than 200 V,
the film foPAIAY SpEEANFE SFAPEPALEhEL SChe CPFodGCt (T AEEGHED T
insufficient. |f the voltage is nore.than 500 V, a good-quality filmis not
casi |y obEAFREACISTRLEY (e EoRBAVEE M Cito B BERAIYS 5hs S 8 P BT 4P r&E | The
substrate er re i hi [ r.dan ' pl ace where the film
is to be F%?%@d?%§§8§iP?céﬁﬂy?%§ %S?gﬁgﬁgegﬁgﬁggﬁgét%%%énperature is varied
i n accordan ] el r i Ll m i r.ned
%1%§§%Egndﬁc%§%§t gL c':%mé%]lgs(fr Clgﬁ%ise Y e I&>w£'}éénﬁsg 11T

directly on t he above-nentione y 1 nsulating transparent

subst [ at escgreasenpherpbn Lhes af@éfmust%i&?pé Bt Q0 R y i pat] y on

t he above-nentioned colored layer (s) , a case wherein the  anorphous oxide

filmis faupedaoRahhe-abawe- wBat irgRed ol aRSPALRRL ALHLE @ Hayer, or sone
ot her cases. |In any case, appropriate conditions are set in such a manner

that the gpehermewhiiehelsra, bagse mateni ahdf O themam@isphews tox de filmis
not defornmed, denatured or deconposed. For exanple, in the case where the
anor phous fexikde yFbbmuiiseborrad sparkhe knarspacdentr prenheghkirest ayer, the

substrate tenperature is preferably set
electrode film, the ratio being represented as atomic ratio,
isnot over 0.01 relative to the total amount of all the cationic
elements.

A Sn element may be added to this target. If the ratio
of the Sn element in the finally-obtained transparent electrode
or transparent electrode film is more than 0.03 relative to the
tetal amount of all the cationic elements, the
electroconductivity is conversely liable to be lowered by ion
scattering. Accecrdingly, the dope amount of Sn is adjusted in
such a manner that the ratic cof the dope element (Sn) in the
finally-cbktained transparent electrode or transparent
electrode film, the ratioc being represented as atomic ratio,
is not more than 0.03 relative to the total amount of all the

cationic elements.

Formation of Target

The above-mentioned target can be ocbtained, for example,
as follows.

Mixing of Materials

First, the followingaremixed: indiumoxide, cr a compound
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in the range of roomtenperature to 3000C. If the tenperature 1is nore than
300'C, the colored layer(s) is/are discolored or the transparent protective
| ayer is thermally deconposed with ease. Attention should be paid to the
matter that costs for the production becone |arger as the substrate
tenperature becomes higher. The thus-obtai ned anorphous oxide fil m has

el ectroconductivity and light transmttance equal to or nore than those of

I TOfilms, and further has higher thermal stability and noisture and heat

resi stance, .According to the color filter for display (color filter for

| Cautdor g5 5R TR G s) Cor et f U SRECB P aor G 9l 1T ARSI LAY I ode
(11qui d-crystal.odri vt pg.fransaarent el et ode), made of Lo g, oamprphous oxi de
filmor the amorphous oxi de Ti nfpa? erned T nto ’ a desired s%ape,'produced

is an adv?tﬂh?c%ﬁmoa%%dﬁfifoee%t; éﬁétzihla%xitc{e%r‘?PQrc%'P@ &l 8CLE P48 1 E U did M (the 1
ys ta 1 -dr ) é3

iquid- cr Iving “transparent ‘el ectr I's not easily cracked or
peel ed i ”tbhﬁr?t‘loﬁ@gﬁﬂ}tﬂi%rﬁ PP@féxEﬂBﬁ%?fz:i HANSHBLE, i hBRitrate,
above-menti oned anor phous oxidée filmhas "hi'gher thermal stabﬁ]lty and

noi sture andcheakthes stanee nihadxiHEQ bid mana%:19e3added above; therefore,
even after the production of "a color filter therefrom its (1 iquid-cryst

ai -driving) trapspaigntigkectrodeiksmiQtueasikyadacackededripeslied, which
is alasting effect. In short, the transparent electrode has a

char act er hydirextidat, agedxidet echawatiden hhereek s sRitdatel iwghicrshisel di ng

Layer In the same manner as in the prior art, the color filter of the

i nvent i onskdecliequifdonr Ret, aNbdi pl ay amy havef anecessary. The use of
such a component makes it possible to yield a target which is
capable of producing a liquid-crystal-driving transparent
electrode containing one or more cut of Re, Nb, Zr, W and Mo.

It is also preferred to add, to themixture, ametal oxide,
hydroxide, alkoxide, chloride, nitrate cor acetate of Sn. The
addition of the compound of Snmakes it possible toyielda target
which is capable of prcducing a liquid-crystal-driving

transparent electrode containing Sn.

Firing of Mixed Materials

Next, the thus-yieldedmixtureispre-firedat 500 to1200°C.
Next, the resultant pre-fired product is pulverized in a ball
mill, arcllmill, a pearl mill, a jet mill or the like to yield
powder having uniferm particle sizes within the range of 0.01
to 5.0 pm,

Before the pulverizing, the pre-fired product may be
subjected to reduction treatment at 100 to 800°C. If necessary,
the pre-firing and pulverizing of the powder may be repeated.
Thereafter, the resultant powder is fashicned into a desired

form under pressure. The fashiocned product is sintered to 1200
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| i ght-shielding | ayer made of netal chromum a colored photoresist or the
i ke between two out of the colored |ayers or on the transparent protective
| ayer in order to prevent a decline in the contrast or color purity based

on leak light. This light-shielding layer is formed to be positioned

bet ween pixels when the front plane of a color liquid crystal display to

which the color filter is fitted is viewed. The shape of the whol e thereof
is generally a matrix or stripe form Structure of Color Liquid Crystal

Panel Th L qui ! I j I fil f h

Paent s Fob TP, YS! BLpanEls JELAg: L SoLer sHA IS ¢ oot o
with an el ect ri 9{%4 Xlgns%l aitd ng transparent .%Q%r te pr%i Jransparent
electrodepﬁayﬁﬁg a glvéﬁ éhape y%ﬁigerre 5ras~a d iding §%%§%r§t ’

hereinaftegr), Ligui t ' i 1 t g Sha e t ol or
filter ofgéél?t%ﬂgﬁggﬁ%{%ﬁ g%%i€%$§j%?ﬁ§%2%9%h6§%ratégagﬁiﬂﬁg 5FH$F$ier of
the inventihen,and Lhge.driving substrate are arranged/ positioned to be

opposite to each other in such a manner that the space into which desired

liquid crystal kgusealkedyl §siAheER9sedarbber ehot weepe rAckBUCal, xanpl e of
the driving substrate haS a pixel electrode for driving each pixel, and

thin fil mspbharsirsher,s pbokpudrRhYingd orolhage ike .t his gexekael eeheode. Signal
lines from the longitudinal direction and the lateral direction of the
screen ar epcafnrechedito igachtefiatlheg thiefekirdem trransitsicord ewpagntt M film
transistors for the pixels are individually driven through the signa
i nes. | nptrbdscway,itgachrothé hei o xelcpdrey difi van. r¥hebtahe £olor fad ter of
the invention and the driving
example of sputtering conditions for the DC sputtering is as
follows.

Specifically, the atmosphere for the sputtering is

rendered an inert gas such as argon gas, or a mixed gas of an
inert gas and oxygen gas, and the atmosphere pressure at the
time of the sputtering is set to about 5 x 1072 to 1 x 107 Torr.
The voltage applied to the target is set to 200 to 500 v. If
the vacuum degree in the sputtering is less than 5 x 107 Torr,
the stability of plasma deteriorates. On the other hand, if
the vacuum degree is more than 1 x 107 Torr, the voltage applied
to the target is not easily made high. If the voltage applied
to the target is less than 200 V, the film-forming speed is small
sc that the productivity becomes insufficient. If the voltage
is more than 500 V, a good-qguality film is not easily obtained.
Thus, the above-mentioned conditions are preferred.

The substrate temperature is varied in accordance with
the place where the film is to be formed. Specifically, a

preferred substrate temperature is varied in accordance with

a case wherein the amorphous oxide film is formed directly on
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substrate are arranged to be opposite to each other, the two are arranged
so as to direct each of the electrically insulating transparent substrates
t hereof outwards. Besides the liquid crystal, spacers made of gl ass beads
or polymer particles are dispersed and arranged between the two. By the
action of these spacers, the space between the two is kept to have a given
intervai. |f necessary, an oriented filmis arranged on the inner face of
each of the color filter and the driving substrate when a liquid crystal
panel is constructed. A.color liquid crystal nel, referred to herein may be
Ralled a GOFoP PTETEPEIRES SAFhray adavi o8 C0P THElely LRI cryst a

di spl ay devic nd may_he called a color li,quid crystal., di.spl of nerely
2 T qur o CErSTEr s Bl ap ot The Rarhy Trr eyt FHER el iSh Rl quto

d CryS The Barof 17t v f
crystal | dhisaiay canche ysed o A colorcLignd soistal A salay Qe any one

of a direct sig ront” projection projection type

1 the di SpLAYS AGal Os LA d LSt nlios LA BRI Gl T ter 15

to be use Specific exanples of the color liquid crysta I splay include a

col or |i quirdnehustal p.disptayyd 96 eI 86me WAHE PEQSES SOITPhN JRULE
nmonitor, a liquid crystal color projector, a liquid crystal color

tel evi si oBppaoplriigitiedc6yst abns ol severn Reath FMRIrEtdOkhad €10é GlerdtRst r unent
panel fitted to an autonobile, and a iarge-sized color liquid crystal

di spl ay suthchs i€okobaAurnateYisl ofof t f1adeamarm)oud &0idd hel ol fdd ter of
the invention for display is preferably used in displays other than Iiquid
crystal didgglbayed, HenstusddantageouspEbidct stdr recammest i on tid edda st
Group Invention) The anorphous transparent elect roconduct ive filmof the

where the amorphous oxide film is formed on the transparent

protective layer, the substrate temperature is preferably set

in the range of room temperature to 300°C. If the temperature

is more than 300°C, the colored layer{s) is/are discolored cr

the transparent protective layer is thermally decomposed with

ease. Attention should be paid to the matter that costs for

theproductionbecomelargerasthe substrate temperaturebecomes

higher.

The thus-obtained amorphous oxide film has

electroconductivity and light transmittance equal to or more

than those of ITO films, and further has higher thermal stability

andmoisture and heat resistance. According tothe color filter

for display (color filter for liquid crystal display) of the

invention having a transparent electrode

{liquid-crystal-driving transparent electrode) made of this

amorphous oxide film or the amorphous cxide film patterned into

a desired shape, produced is an advantageous effect that the

transparent electrode for driving (the liquid-crystal-driving

transparent electrode) is not easily cracked or peeled in the
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1-1 group of the invention has a lowresistivity and a large nmobility so
that the filmfollows the switching speed of poly Si. Therefore, the film
is preferably used for an el ectrode of a high-speed responsible TFT-LCD, an
organic EL, or the like. In particular, the anorphous transparent elect ro
conductive f ilm of the 1-1 group of the invention is excellent in
et ching-workability and ran supply highlym nute indicators with a high
yield since the filmis anorphous. According to the process of the 1-4 group
of the invention, for producing an _anorphous transparent el ectroconductive
film thP§°ﬁFFﬁﬁ€QnpEQCPEﬁdépgﬁegﬁ‘anDrphous transparent 37
electroconductige Eblnlhavi a éomliesigtivi%é. Inh;he S Q%tgringﬁtarget of
the 1-2 group of “tha8FAGERLIDIT A RBTUT &L - A EAGFI Y GRS  Tu 4t EHeE tine of
sputtering. _,Con ent | narmal di scharge i s rdly caused in.,the target
SO face. | S oRPren SRRl el Y Rar s FOERer At PR P NS R TR A hec
into a film, $g6and é@vﬁf%%%%%% Eff8LS thle e%%%ec%'v%%h‘éff&% £Segand G oup
I nvention) I'n"the ¢olor filter of the second group of the invention for
di splay, btsahlg4in- eyt dlo1oh \Hing o' #RSRREERL eligctrode is not easily
cracked or peeled in the production process thereof . Furthernore, the
l'i qui d- crysthr dlicvhREG L EARSRANGN tehRShbhedRL LSeBPLo8AS] S & agkad or
peel ed with the pasSage of tine after he production. Thus, according to
the inventiragkell theppeesant whsegond Qrpélﬁtiﬁ?c@f@écfi. | tey Sryridi splay
having a higher reliability can be nore easily provided. Detailed
Descri pti afadspbhentr alergs obieg habAal sharplcar riisewd Ithest atdang a state that
awre

deterioration thereof is small.

Light-shielding Layer

In the same manner as in the prior art, the color filter
of the invention for liguid crystal display may have a
light-shielding layer made of metal chromium, a colored
phetoresist or the like between two out of the colored layers
or on the transparent protective layer in order tc prevent a
decline in the contrast or color purity based on leak light.
This light-shielding layer is formed to be positioned between
pixels when the front plane c¢f a color liquid crystal display
to which the color filter is fitted is viewed. The shape of
the whole thereof is generally a matrix or stripe form,

Structure of Color Liquid Crystal Panel

The cclor liquid crystal panel using the color filter of
the invention for liquid crystal display is constructed by
combiningthiscolorwithanelectricallyinsulatingtransparent
substrate having a transparent electrode having a given shape
(referred to as a driving substrate hereinafter). Liquid

crystal is filled into the space between the color filter of
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made of a third netal is put on a sputtering target of a first group of the
present enbodinent. Fig. |IBis a sectional viewillustrating the state that
the wire made of the third nmetal is put on the sputtering target of the
first group of the present enbodinment. Fig. 2A is a schematic structural

view illustrating a basic structure of a color filter, for liquid crystal
di splay, of a second group of the present enbodinent. 38 Fig. 2B is a
schematic structural vieM/iIIustrating anot her basic structure of the col or

erbodi rentoF 55 &Y SR KRR TR V1R B kel TECEPbab ‘1 te Teocond
group of Lhe A ess tonegpagehgam sfsor%%ég%t%faw F 2L 008 halg et ched

into the formof s ntlon

reference, Bob%rggﬁ{aé%é%o_ {}?Qr ter E?naq{nef &, A ec%?“ng' ‘ée”t' on

wi |l be speci escri ereln rst group enbo ts On the

basi s of Ehgodﬁﬁ%ﬁgﬁesﬁﬁrgﬁeﬁ.ﬁ%ﬁ%lﬁ' t$hs95QUR s &ahadiymeRt § ek e danvention
wi |l be described hereinafter he first group enbodi nents are enbodi nments

concer nedtWet-Bpthgeehnvention of the first group. The following wll
describe nineteen specific exanples (Exanple 1-1 to Exanple 1-18, and
Modi fied Exanpl g dyd)candesinp Conparaid wer hxampl ap{tGempanald we pikeanpl e 1-1
to 1-6) . However, the invention is not limted to the follow ng exanpl es.
[1n], [ZnkleENkodadtdSalrivepresenh dihel1at andccmiuntiedmof ran s stdas fafr Zn,
that of a third nmetal atom and that of Sn,
applying voltage to this pixel electrode. Signal lines from
the longitudinal direction and the lateral direction of the
screen are connected to each of the thin film transistors. The
thin film transistors for the pixels are individually driven
through the signal lines. In this way, each of the pixels is
driven.

When the color filter of the invention and the driving
substrate are arranged to be opposite to each other, the two
are arranged so as to direct each of the electrically insulating
transparent substrates thereof cutwards. Besides the liguid
crystal, spacers made of glass beads or polymer particles are
dispersed and arranged between the two. By the action of these
spacers, the spacebetweenthetwois kept Lohaveagiveninterval.

If necessary, an oriented film is arranged on the inner face
of each of the coler filter and the driving substrate when a
liquid crystal panel is constructed.

A color liquid crystal panel referred to herein may be
called a color liquid crystal display device, ormerely a liquid

crystal display device, andmay be called a color liguid crystal

display, or merely a liquid crystal display.

36



respectively. The atom c nunber is the nunber of atons of In, Zn, the third
metal or Sn per unit volune in the conposition of an anorphous transparent
el ectroconductive film EPMA is an abbreviation of an el ectron probe

m croanal yzer. X-ray structural analysis was perforned using an X-ray 39
structural analyzer (manufactured by Ri gaku Denshi (transliteration) Co.).
The nunber of netal atons was neasured wth an inducedpl asnma atomc
spectroneter (manufactured bySei ko Instruments Ltd.) . The nmaxi mum crystal
grain diameter Qf zin oXl, was sured by.EPMA t echni que using.an EPMVA
devi ce' (manat abtGr €078y TAEh, SECaTE TRABEMEOPhEoE: SAGNTEL She8 aF an

anor phous _tr. a t,.el ocon i film,t ansm.t-t 50 nm
was maasu?i'&eL Bgﬁ?hggﬁ bgu‘?%%r%t%ga quéj?ée/%olrl L[r?gdsp cst%E{)lrreratslergrl:;l hi%ﬁfa%‘;laﬁCorp. ).
[ Exanpl e 1:1] i i dy zi0C i e - t t I of
[In] / ( [E’P%]Oﬁrhfd%n@ﬁe%? gﬁﬁ??ht?%gfeféﬂﬁ?’? % é:%rj?t‘:?&g%gfe%’ﬁg %%%?na B ner of
In to thepakqBL€iBH e 9F @id dike 18Rt Bd 23t O1Fr 1LiQuiG 8Bysend dihen dyhe

m xture was Subjected to wet pulverization to yield powder. This powder was
dried, grandkatads @bt fentepressumbdeded 0 Wrld & Jekdrgipsasiticthe The
resul tant nol ded product was heated to 1450C so as to be sintered, thereby
yi el di ng calsputtquinAgctgsgal Aikpuhayi Aekesdequare.lorhe idensi y ysherneof was
6.85 g/cnB. The nmaxi num crystal grain dianmeter of zinc oxide in the
Sputteringitalgetfdx waspdt8rmwoiliep Xetaysstrarctisav ate araliysirs a dfi guhied
sputtering target A denonstrated that the target A contained a hexagonal

| anel | ar cogpoehdcobhde mfo]ex203( ZROL53 quAdgtagstslibstat e alasviseton ntao an RF
magnet ron sputtering

liquid crystal color over head projectcr, a color instrument

panel fitted to an automobile, and a large-sized color liguid

crystal display such as Color Aurora Vision (trade name).
Also, the color filter of the invention for display is

preferably used in displays other than liquid crystal displays.

First Advantageous Effects {in connection with First Group

Inventicn)

The amorphous transparent electroceonductive film of the
1-1 group of the invention has a low resistivity and a large
mobility so that the film follows the switching speed of poly
51, Therefore, the film is preferably used for an electrode
of a high-speed responsible TFT-LCD, an organic EL, or the like.
Inparticular, the amorphous transparent electroconductive film
of the 1-1 group of the invention is excellent in
etching-workabilityandcansupplyhighlyminute indicatorswith
a high yield since the film is amorphous.

According to the process of the 1-4 group of the invention
for producing an amocrphous transparent electroconductive film,

this film can be rendered an amorphous transparent
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devi ce (manufactured by Shinmadzu Corp.), and the tenperature of this gl ass
substrate was set to 200C. As illustrated in Figs. 1, an Re netal wire 1
(diameter: 1 mm-, and length: 2.5 40 mm), as a third netal, was put onto an
edge portion of the sputtering target A. At a pressure of 0.1 Pa, the
target was sputtered so as to forma transparent el ectroconductive film of
120 nm thickness onto the glass substrate. Next, in the atnosphere of Ar,
the gl ass substrate was heated at 3000C for 1 hour, thereby producing a
transparent. el ectrode substrate wherein the transparent el ectroconductive
filmwas Forred oo 1yitads [Eubdidde 2 Ri%y, TERLSE & HYan view illustrating
a state that the Re w 1l,.as the th

Wi r . ne ., _\Was on the .

above- ment i oned 12gut§ &P 6eFéP8etta,r%ﬁ”Fdoé%&.e {1% 9§oéfpscg€%?8nlaﬂve%]e%’al ong
b-b thereoqf., I,n_the transparent el ect onducti.ve fidm t he g| ass
substr at e?lot uelevsalaug 0 r[dgzéj %(ni erﬁaecff{ %?ﬁ r{%e[ Ifle]]n)e, O&isaaﬂtreerplrrgs'ent s the
rati o of ER? n 1.0t a ] f. t al s,
was 0. 5 &Qﬁgé ﬁ%}kﬁ??@%?g%%géiEﬁ@ggéﬁigg%ﬁféﬁ???????ﬁgpﬁéi%%% and the
transm ttanceaol 14 5.3 Lpanspanenle £l £ChECAINMNE XA I LM HELR ymASHY ed
Asaresult, they were 219 [t-Qcm 9.30 x 1020 / cnB, 3 1 CW/V_ sec., and
89% respeGhicvelintbTable 13:.1) . The transparent el ectroconductive filmwas
subjected to X-ray structural analysis. As a result, it was found out that
the film wsarpnpleusagkbuet REFeWREdSin tbEneesubhant th ransPad &oup
el ectroconductive fiImwas an anor phous transparent el ectroconduciive film
havi ng a ltTewenteésingt ance. [Exanple 1-2] A transparent el ectroconductive film
was produced in the

In the color filter of the second group of the invention

for display, its liquid-crystal-driving transparent electrode
isnoteasilycrackedorpeeledinthe productionprocess thereof.
Furthermore, the liquid-crystal-driving transparent electrode
is not easily cracked or peeled with the passage of time after
the producticon. Thus, according to the invention of the present
second group, a color filter for display having a higher

reliability can be more easily provided.

Detailed Description of the Drawings

Fig. 1A is a plan view illustrating a state that a wire
made of a third metal is put on a sputtering target of a first
group of the present embodiment.

Fig. 1B is a sectional view illustrating the state that
the wire made of the third metal is put on the sputtering target
of the first group of the present embodiment.

Fig. 2A is a schematicstructural viewillustratingabasic
structure cof a color filter, for liquid crystal display, of a

second group of the present embodiment,

38



same way as in Exanple 1-1 except that the Re wire was put onto 41 a central
position between the edge portion and the center of the sputtering target.
In the transparent el ectroconductive filmon the glass substrate, the val ue
of [Re]/([In] + [2Zn] + [Re]), which represents the ratio of the atomc
nunber of Re to the atom c nunber of all the netals, was 2.3 x 10-3. The
resistivity, the carrier density, the nobility and the transmttance of this
transparent el ectroconductive filmwere neasured. As a result, they were
213 -Ocm 9.72_x 1020. /cnB 30 .cn?/ V. sec. .. and 89% respectiyvel Tabl e
T0) . The transBAPert B GCCPGEONd ot VS T PAS St etrea g Sy

Struct ur al a0l ¥5) . A B GULLY oLle MBS 1 00 Ul (AL LDE, Jiddnyas

ay,. .
anor phous.” "T'n ot her “wor ds e resu ranspa ef ectroconductive film

S AP IR SRR I, o 24 AN e ddBaYi N B L o

resi st ance. A"transparent el ectroconductive filmwas produced

in the same wayigS bBniEXanplgedadi exeepy thal the Remdserdas putcnto the
center of the spuftering target. In the transparent el ectroconductive film

on the gl asscsdbsiricaie oft eV @réaofs drfdeldibddntl, *HeZNInst dRel9 .cnehi ch
represents the ratio of the atomc nunber of Re to the atom c nunber of al
the netal glewasodd beXnlledchEle inesl StHeviflopsm tdFe sxarigser density, the
nobility and the transmittance of this transparent electroconductive f ilm
were neasured. As a result, they were 225 p-Q cm 9.00 x 1020 /cnB, 31
cn2/Vsec., and 89% respectively (Table 1-1). The transparent

el ect r ocomestt Moelefs Ifmrwas rsylijrectCed tthieX-Imanentstaruct ural anal ysis. As a
result, it was found out that the 42

With reference to the drawings, preferred embodiments of
the present invention will be specifically described

hereinafter.

First group embodiments

On the basis of the drawings, preferred first group
embodiments of the inventionwill bedescribed hereinafter. The
first group embodiments are embodiments concerned with the
invention cf the first group. The following will describe
nineteen specific examples (Example 1-1 to Example 1-18, and
Modified Example 1-1) and six Comparative Examples (Comparative
Example 1-1 to 1-6). However, the invention is not limited to
the fcllowing examples.

(In], [Zn], [M] and [Sn] represent the atemic number of
In, that of Zn, that of a third metal atom, and that of Sn,
respectively. The atomic number is the number of atoms of In,
Zn, the third metal cr Sn per unit volume in the composition
of an amorphous transparent electroconductive film. EPMA is
an abbreviation of an electron probe microanalyzer.

X-ray structural analysis was performed using an X-ray

39



fil mwas anorphous. In other words, the resultant transparent

el ectroconductive filmwas an anorphous transparent el ectroconductive film
having a | ow resi stance. [Exanple 1-41 A transparent el ectroconductive film
was produced in the same way as in Exanple 1-1 except that an Nb wire,
instead of the Re wire, was put onto the edge portion of the sputtering
target. In the transparent el ectroconductive filmon the glass substrate,
the value of [Nb]/([Tn] + [Zn] + [Nb]), which represents the ratio of the
atom c nu s, was 1. 4 x 10-3

er o&rhﬁ 58 ;he at?nic fnggger of aFL tgg %a ,
TE?Srefizi UFEyUTEhed e ¥??Eé ???gl?gilfﬁg ?%b fi?ura d Esirtrarsnittﬁgce of
were 239 L Eh e a5 ORTEd%  the T ke A Sk e g i G5 shred Y
respectivel y, %Iql?llcﬁcje'dg}%lasra%]gtgﬁl?!g%%%%%%m%lt%g(r df’eed?%blagk‘é’as
- S. It was un

subj ected to ray structural analys a result, out that
the filmyas. AMRLRPOUS g )N ORI m¥RE dSm & Jlesyhtank; LhaPspPal€nt ne ,
el ectroconductive filmwas an anorphous transparent el ectroconductive film

having a beyHer @8k shansereiExamMbeale 8LnAi fhanspangnhnekeahr geonductive film
was produced in the sanme way as in Exanple 1-4 except that the Nb wire was

put onto (@agebhcehrp@yt HORabLVEEA. | he renge poaet t oanandt theceest eh of the
sputtering target. In the transparent elect roconduct ive filmon the glass

subst r at eamb hehyat uerafispNbdnt élebtrdchdalictiveND))lm, waheh represents the
ratio of the atom c nunber of Nb 43 to the atom c nunber of all the netals,
was 3.6 xttdnSmitTaeceresi Sblvimywasheeganredrwiehsety, the nobility and the
automatically-recording spectrometer (Shimadzu Corp.).
[Example 1-1]
Indium oxide and zinc oxide were mixed to set the value
of {In]/([In] + [Z2n]), which represents the ratic of the atomic
number of In to the atomic number of all the metal atoms, to
0.89, and then the mixture was subjected to wet pulverization
to yield powder. This powder was dried, granulated, and then
press-molded to yield a melded product. The resultant molded
product was heatedto 1450°Csoastobe sintered, therebyyielding
a sputtering target A four inches sguare. The density thereof
was 6.85 g/cm’.
The maximum crystal grain diameter of zinc oxide in the
sputtering target A was 2.8 um. The X-ray structural analysis
of the sputtering target A demonstrated that the target A
contaired a hexagcnal lamellar compound made of In,03(Zn0)s.
A glass substrate was set into an RF magnetron sputtering
device (manufactured by Shimadzu Corp.), and the temperature

of this glass substrate was set to 200°C. As illustrated in

Figs. 1, an Re metal wire 1 (diameter: 1 mm¢$, and length: 2.5
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transmttance of this transparent el ectroconductive filmwere neasured. As
aresult, they were 229 ~i-Qcm 7.41 x 1020 /Cv3, 37 cm2/V. sec., and
89% respectively (Table 1-1). The transparent el ectroconductive filmwas
subjected to X-ray structural analysis. As a result, it was found out that
the filmwas anorphous. In other words, the resultant transparent

el ectroconductive filmwas an anorphous transparent el ectroconductive film
having a | ow resi stance. [Exanple 1-6] A transparent el ectroconductive film
was produced in the same way as in Exanple 1-4 except that the Nb wire was
put onto M™Phe 8&nfefhdfrdt REL3Put t'éfi RYTt &FGEt 21 RIORe POrAASPardntthe

ei ectroconductive filmon the gl ass substrate, the value of Nol /([In] +
[Znl + [ NBPREEGRALEA F%ﬁ?%Ee%ts%tthé‘ PAEFSUSFE Phel - atlotn i IGf "RF to the
atom c nunber of all the netals s 4 . 5 10- 3 . The resistivity, the
Carti or QBRUFEYTePhEONDR 1T 5P il GRS SR s SR A Fhriadl ent

el ectror-ond ive f. il were neasured. As a result, th re 2 li-Qcm
.16 102050 d7b, Ma B ROPe s gB e THa G50s St SSRELErEy THAPY e 2 3 The
transparen I copduct i fi j.ect to X:ray_.s
analysis.akgggggégglﬁg #f’v%géfiﬁéggfﬁgﬁ#ﬁgﬁ%iﬁgs ﬁ?ﬁﬁ?&agta%ggg%gﬁg{ In

other worgs,fhe Eﬁé?%h@?érk&ﬁ@ﬁﬂ%%”&ra%!g?ﬁtﬁ]%ﬁ%o!%‘i%‘&ttir\é%ef I 4gs, an

anor phous t rans()ar en ctroconducti ve aving a I'ow resi stance.

[ Exanpl e }yZle44 éhéré"PéH@fJgPén@'@f%é?f&@&%&ﬁ&ﬁfvé?%ﬂ%‘%ﬁaﬂ%ﬁ&ﬂ dh the

same way as In Exanple 1-1 except that a Zr wre, inst 0 the Re wre,
was put opha g{l!’t?‘sseggﬁs@%ﬂe@n ©f{ g1 hR SPHe Pewliangficrdil ddg de=arspar ent
c

el ectroconductive filmon the glass
that the Re wire 1, as the third metal, was put on the
above-mentioned sputtering target, and Fig. 1B is a sectiocnal
view along b-b thereof.

In the transparent electroconductive film on the glass
substrate, the wvalue of [Re]/{[In] + [Zn] + [Re]), which
represents the ratio of the atomic number cof Re to the atomic
number of all the metals, was 0.5 x 1073, The resistivity, the
carrier density, the mobility and the transmittance of this
transparent electroconductive filmwere measured. Asaresult,
they were 219 pu-Q-cm, 9.30 x 10%° /em®, 31 em®/V-sec., and 89%,
respectively (Table 1-1). The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,
it was found cut that the film was amorphous. In other words,
the resultant transparent electroconductive film was an
amorphous transparent electroconductive film having a low
resistance.

[Example 1-2]
A transparent electroconductive film was produced in the

same way as in Example 1-1 except that the Re wire was put onto
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substrate, the value of [Zr]/([In] + [Zn] + [Zr]), which represents the
ratio of the atom c nunber of Zr to the atomc nunber of all the netals,
was 4. 2 X 10-3 The resistivity, the carrier density, the nobility and the
transmttance of this transparent el ectroconductive filmwere neasured.
Asaresult, they were 232 tt-Qcm 8 . 00 X 1020 / cnB8, 3 4 CVM /V _ sec.,
and 89% respectively (Table 1-1) . The transparent elect ro conductive
filmwas subjected to X-ray structural analysis. As aresult, it was found
out that the filmwas anorphous. In other words, . the resul t ant t ranspar ent
el ect rocoﬁdﬁ@PF\?élfPPﬁﬁa@naknet‘a%? pﬂtﬁ@%ﬁ@ﬁaﬂé’ﬁt aprlethe cedmEREtIve film
havi ng a I&@ resi st ance., & npl e % A transparent el ect roconduct ive
filmwas prodseedtesifreta éﬁ?ﬁ vva§/n BTSN #lsdese ‘trtfathjh‘ée Zr wire
was put ont, centra osrtron bet n h r of the
sputteri n?lﬁgr gQ'anjt S t T HrE b et ﬁﬁ g’gugg?ié?ﬁp ﬁﬂtﬁe gl ass
substrate,

the ratio gfeq He at 8?%1 %EHL:Zr Lnts ty n%gttlkzn]‘:atf%%n %‘l-%%tr%e?%eﬁrﬁ’ t e:sents
met al s, 2 o3 HEQS:Q§§E§h 1YY me & CRIId ©f éf%ﬁ%i}y, the,

mobility and thh transnittance of transparent el‘eéct roconduct ve f| | m

wer e neas tA%g ul A CMB ,

C\vR/ V. secljEr s 9%’ E]reéaagg%te%eﬁ%y ( I Bl e t%e ok LEI?{t)cé?(tagr%gcp}{aer ent

el ectr oc0rt%%tstn\tectafrrderrbwa@h§ytur%qtseﬁIte%tx-et@xt§t>r:eﬁtjut‘:%'w@n9tyﬁl@erés a
result, it was found out that the fil mwas anorphous. In other words, the

resul t ant rlela@nSRA eNhsel Q@éﬂ@n@ﬁ%ﬁﬂ yerkilm ag) ampriphusoir apgpar ent
el ectroconductive filmhaving a | ow resistance.
30 cm?/V-sec., and 89%, respectively (Table 1-1). The
transparent electroconductive film was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphous. In other words, the resultant transparent
electroconductive film was an amorphous transparent
electroconductive film having a low resistance.
[Example 1-3]

A transparent electroconductive film was produced in the
same way as in Example 1-1 except that the Re wire was put onto
the center of the sputtering target. In the transparent
electroconductive f£ilm on the glass substrate, the wvalue of
[Rel/([In] + [Zn] + [Re]), which represents the ratio of the
atomic number of Re to the atomic number of all the metals, was
3.7 x 107°. The resistivity, the carrier density, the mobility
and the transmittanceocf thistransparent electroconductive film
were measured. As a result, they were 225 pu-Q-cm, 2.00 x 1020
/cm®, 31 cm®/V-sec., and 89%, respectively (Table 1-1}. The
transparent electroconductive film was subjected to X-ray

structural analysis. As a result, it was found out that the
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[ Exanpl e 1-9] A transparent el ectroconductive filmwas produced in the sane
way as in Exanple 1-7 except that the Zr wwre was put onto the center of
the sputtering target. In the transparent electroconductive filmon the

gl ass substrate, the value of [Zr]/([In] + [Zn] + [Zr]), which represents
the ratio of the atomc nunber of Zr to the atom c nunber of all the
netals, was 7. 9 - 10-3. The resistivity, the carrier density, the nobility
and the transmttance of this transparent el ectroconductive f ilm were

neasur ed. a result, the re 239 [L-0-cm, . 7.70 x.1020 /cM 3, 35
CMVR/ V. Sec.ﬁinhwa%@%r%% c\tAﬁFbW/gF’fg%%di'- fpe #RgulipghsperETRarent

el ect rocorn ueccttirv% fnié:[ung was :#bljt ecv;taed to a)r([{orra struct ur al_analysis. As a
resul t, itowas Tound out th e i1 WS W%Hﬂﬁg?ﬁﬁf?ﬂ er words, the

resul t ant Aranspar tﬁL'veeCt{iQL(Er?rhdaL{Fitr{ e fliolwmr\/\éaﬁs. nanaqrreo.r phous transparent

el ectrocon uctlvecgflﬁ% aving ‘a | owresistance anple 1-10] I ndi um oxi de,
zi nc oxi de @and i were mxed to set the value of [In] / ( [In] + [Zn] ) ,
Mﬂchrepimens tMaHmio of the atomc nunber of In to the atonm c nunber

of all the met ahstrggspgrégtaé’l%é@oé&ﬁj&% U ?Ell;nsm%é %Irlﬂuc"éc[ %Hl tﬁ"e [Sn]),

which 46 represents the ratio of the atom c nunber o nto the atomc

nunber they8Rf wakPad- 8nXelngle THi s dhodit @ naas asURbest 84, t PnsWEhd of
pul verization to'yield powler. The powder was dried, granulated, and

press- ol dek Re Wiigled @arDbdedopreduit. ed§e poesUbL ant M dash P oeied was
heated to 14 50'C so as to be sintered, thereby yielding a sputtering

target B fteingdtnches tstplaranspheendedisd dtyrddei@oft Was £6.188 gk e Jhes smaxi num

crystal grain dianmeter of zinc oxide in the
substrate, the value of [Nb]/([In] + [Zn] + [Nk]), which
represents the ratic of the atomic number of Nk to the atomic
number of all the metals, was 1.4 x 1072, The registivity, the
carrier density, the mobility and the transmittance of this
transparent electroconductive filmwere measured. Asaresult,
they were 239 p-Q-cm, 6.63 x 10°° /cm®, 40 cm?/V-sec., and 89%,
respectively (Table 1-1). The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,
it was found ocut that the film was amorphous. In other words,
the resultant transparent electroconductive film was an
amorphous transparent electroconductive film having a low
resistance.
[Example 1-5]

A transparent electroconductive film was produced in the

same way as in Example 1-4 except that the Nb wire was put onte
a central position between the edge portion and the center of
the sputtering target. In the transparent electroconductive

film on the glass substrate, the value of [Nb]/([In] + {Zn] +

[Nb]l), which represents the ratio of the atomic number of Nb
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sputtering target B was 2.2 pm The X-ray structural analysis of the
sputtering target B denonstrated that the target B contai ned a hexagonal

| anel | ar conpound nmade of | n203(Zn0O)5. A gl ass substrate was set into an RF
magnetron sputtering device of the sanme type as in Exanple 1-1, and the
tenperature of this glass substrate was set to 2500C. In the sanme way as
in Exanple 1-1 except this matter, a transparent electrode substrate
wherein a transparent el ectroconductive film was forned on the gl ass

substrate was. prodctced In.the tflrQ r}ip rent e trocon I\\:\ﬁlihlm t he
glass suthétr WMo S A Gt c[ & i( '@bﬁ'esents
t he ratlo of t he at.om ¢ . nunber tothe tom nber f_ .all the

net al s, I%SWHZIYG lrleﬂ%‘lrrrel %ﬂst y’t He'® %rjl]@rq: C?ttsﬁ the m)bl lity

ﬁQSsL?Edtri‘%}?@é‘ﬁ%%%%%%ft“m%% etff%%SPDa"Er‘e%”ct sheehh: %%‘-’1%8%8%? L e v
: 9 Tahl
fggondug??nve%%@r Jmeaggcéh%ﬁ%e%ltt(ed%?lg% %?% 2sztg-rrg’gt%{a aneflﬁ‘gél gbﬂﬁs aresult,

it was foupnd Qutythat . thsnfj' h@‘% %e%B@EIEQ%%y 'T'aQtlQerl ‘ﬁ'ﬁ?rdsThé7 t he
resul tant transparent eiect roconductive film was an anor phous transparent

el ect r oconrguetdpea-drid m1ka Mg o d W 1 Ve S ISR RGES i%gﬁﬁ%&a kd - Ay
e

transparent el ect roconductive filmwas produced in same way as in

Exanpl e 1-skGexcept] téatl e .Repwl Eervasl ehangedast foaid Nbutv figa@nchd his No
wire was put onto a central position between the edge portion and the

center of ftinen spptdmedtpigodar gain othertherds anspearentl ehactrooonsieintve f
ilmon the glass substrate, the value of [Nb]/([In] + [Zn] + [Nb]), which
represent &ltdte roconductive film was an amorphous transparent
electroconductive film having a low resistance.
[Example 1-6]

A transparent electroconductive film was produced in the
same way as in Example 1-4 except that the Nb wire was put onto
the center of the sputtering target. In the transparent
electroconductive film on the glass substrate, the value of
[Nb]/([In] + [Zn] + [Nb]), which represents the ratio of the
atomic number of Nb to the atomic number of all the metals, was
4.5 x 107°. The resistivity, the carrier density, the mobility
andthe transmittanceof thistransparent electroconductive film
were measured. As a result, they were 231 p-Q-cm, 7.18 x 10%°
/em®, 38 cm®/V-sec., and 89%, respectively (Table 1-1}. The
transparent electroconductive film was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphcus. In other words, the resultant transparent
electroconductive film was an amorphcous transparent

electroconductive film having a low resistance.

[Example 1-7]
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ratio of the atom c nunber of Nb to the atom c nunber of all the netals,
was 4. 0 x 10-3 . The resistivity, the carrier density, the nobility and
the transmttance of this transparent eiectroconductive filmwere nmeasured.
As a result, they were 210 p- 0- cm 10. 50 x 1020 /cnB, 31 CM/V. sec.,
and 90% respectively (Table 1-2) . The transparent el ectroconductive film
was subjected to X-ray structural analysis. As a result, it was found out
that the filmwas anorphous. In other words, the resultant transparent

el ectroconductiye fil mwas an.anorphous rransparent_ el ect.rocognductive film
having a low re i%ﬁ%ﬁﬁ%ﬁfeTﬁa%&ﬁgﬁé%fpffﬁcklﬁFaﬁ%%%ﬁEﬁiP&PS&FG d%%%’ﬁbt ive
filmwas produ i e g$§ Yy, a 'Q ﬁxggg!e - exce t.t Re

W re was %ﬁ%%gggg %g %QZ?Xan eeggdlt %% r mnre‘%é%ggﬁﬁéanﬁ%mgﬂ%%%fﬁg

posi tion (et ween the sdgconorblon and L. alieroplod he SHLEeING ar get.

In the transparent electr ass su rate, the val ue

of [Zr]/ (khRyet.[ 20h thd £EdhspdDEEh NRRIGILARIINEG ABFI 8hidh Phe 1@ sat Om C

nunber of Zr 'to the atomc nunber of all the netals, was 6.5 x "10-3. The

resistivi kypsthate,athel ea1densit Yz r1t/he 1pmbid ify1and (t2he )t r amseart t ance of
this transparent el ectroconductive filmwere neasured. As a result, they

were 208 rebr@semts9tAé ¥addd d€rhe 3@ eV MubBer aAdzP006 Hespaciivel y
(Tabl e 1-2). The transparent el ectroconductive filmwas subjected to X-ray

struct ur ahuabalryst a1l Asha mesHll, wiswas xf 00md othethedidtheridy modas
anor phous. I n other words, the resultant transparent el ectroconductive film
was an ancepghdes denadspar éhe ebbdilidgorddctthee tirahmmiaviamgea dfowhis
resi stance. [Exanple 1-13] Indiumoxide, zinc oxide and tin were mxed to
set the transparent electroconductive filmweremeasured. Asaresult,
they were 232 u-Q-cm, 8.00 x 10%° /cm®, 34 cm®/V-sec., and 89%,
respectively (Table 1-1). The transparent electroconductive
film was subjected to X-ray structural analysis. As a result,
it was found out that the film was amorphcus. In other words,
the resultant transparent electroconductive film was an
amorphous transparent electroconductive film having a low
resistance.
[Example 1-8]
A transparent electroconductive film was produced in the
same way as in Example 1-7 except that the Zr wire was put onto
a central position between the edge portion and center of the
sputtering target. In the transparent electroconductive film
on the glass substrate, the value of [Zr]/([In] + [Zn] + [Zr]),
which represents the ratic of the atomic number of Zr to the
atomic number of all themetals, was 6.4 x 107°. The resistivity,
the carrier density, the mobility and the transmittance of this

transparent electroconductive filmwere measured. Asaresult,

they were 235 p-Q-cm, 7.90 x 10%° /em®, 34 cm?/V:sec., and 89%,
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value of [In] / ( [In] +[Zn] ) , which represents the ratio of the atomc
nunber of In to the atomc nunber of all the netals, to 0.83 and set the
value of [Snl/([In] + [Znl + [Sn]), which represents the ratio of the
atom c nunber of Sn to the atom c nunber thereof, to 2.8 X 10-2. This

m xture was subjected to wet pulverization to yield powder. The powder was
dried, granulated, and press-nolded to yield a nolded product. The

resul tant noi ded product was heated to 1450'C so as to be sintered, thereby
yielding a sputtering target C four inches square. The 3 density t her eof
was 6.88 GRERCTHEVedY filgréeystral - grErd hamRaref odignt mpgaadudt e
sputtering target Cwas 2.1 lim The X-ray structural analysis of the
sputteri nglt é{‘rijéﬁ %llﬂberﬁ)tr%‘% & edrﬁﬁﬁt¥%t¥%?bénaéy%®t affed &€ Hieldagonal

| anel i ar conﬁoun e of an%gn%f uttering was perfornmed using the
resul t ant 1$ptitfet Py 491 55‘@& i hstBath oRTPRE teFPn%Uf‘%%: JEEF i n
Exanpl e 1- 0 s.in Exar;plello excefnt this matter, a

t ranspar e |e€8t1rt8&é% 3 rgyé?tr r\fvh@rléicﬁ é’ctornéirlﬁsc&d'rveent e D hduct i ve

filmwas forrre onthe | ass ubtr te was rtoduc&d n the trans arent

el ect r ocoffdiée Oelsf ﬁjatrr‘?é1 SIS VY S eﬂ\%lrl?é’l&g [R “f [In] +
[Zn] + [ReQSlS\@@ %@ represents the ratio of the atom c nunber of Re to the
atom c nurber of al'l the netals, was 0. 5 x 10-3. The resistivity, the

carrier detgya ,etfkl_ m)bility and the transmttance of this transparent
el ectroconductive fil'mwere neasured. Asaresult, they were 186 ~t-Qcm

10.20 >< 1020 / &MBransfa Lcé'\{?é\éle%e&oco%%cgcQ%e i?ﬁ%&é F%%'dlﬁc(eﬁa%ecﬂe 2)

The transparent el ectroconductive | mwas su j ected to X-ray structural
anal ysi s. sAmeawh§Si tin Example 1-7 except that the Zr wire was put onto

the center of the sputtering target. In the transparent
electroconductive film on the glass substrate, the value of
[Zr]/([In] + [Zn] + [Zr]), which represents the ratio of the
atomic number of Zr te the atomic number of all the metals, was
7.9 x 107?. The resistivity, the carrier density, the mobility
and the transmittance of this transparent electroconductive £ilm
were measured. As a result, they were 239 pu+Q-cm, 7.70 x 1020
/cm®, 35 cm?/V-sec., and 89%, respectively (Table 1-1). The
transparent electroconductive film was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphous. In other words, the resultant transparent
electroconductive film was an amorphous transparent
electroconductive film having a low resistance.
[Example 1-10]

Indium oxide, zinc oxide and tin were mixed to set the
value of [In]/{{In] + [Zn]), which represents the ratio of the
atomic number of In to the atomic number of all the metals, to

0.83 and set the value of [Sn]/{[In] + [Zn] + [Sn]), which
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it was found out that the filmwas anorphous. In other words, the resultant
transparent el ectroconductive filmwas an anorphous transparent

el ectroconductive filmhaving a low resistance. [Exanple 1-14] A
transparent el ectroconductive filmwas produced in the same way as in
Exanpl e 1-13 except that the Re wire was changed to an Nb wire and this Nb
Wre was put onto a central position between the edge portion and the
center of the sputtering target. |In the transparent el ectroconductive f

il monthe gl ass substrate, the val ue of ,Nbll%r% + %an + ~Nbl ), which
repr esent & EHE ST 5161 TehéCabbnfies C gy 6%t RB BPorire FAMET of all

th tal s, 4. 1 X.10-3 h i stivit .t i d ity, th
mobi 111y SMIHe SO Eante of thie t PRSI KHEr S Ovet bt BRerateiT vo fi1 m
d. . | t, .they 212 ~t - 0_. 00 1020 / cnB, 3
\SBEJ?/E?T\EESLS{%%. p,u%;’r?gfl%%oﬁordestﬁe tllevec{ fpow abl eT%(Z:f W%‘?ﬁewfarsaﬁlgﬁgpént gl ect
ducti f il i d - . t | ysis. It
| vas oS APETEE e ofd 36 SLEAG! T RL) AR YELaceD et

resul tant r?ﬂ%%t%ﬁtf%?%%@&%ﬁ@@%%%é’&é& lc@l‘ﬁ%%)?%)?ga{n%tﬁg%%%irig%mpar ent

el ectroconductive fi Ing a | ow resi stance. -15

transpar ent, &l 0£9R4HG ] Btk Wast PF Gee i P 4t agaYay in
Exanpl e 1-13 ee;%g/tce%t thatgt hegﬁe Wi rg@vvas cj(;:lgivlhangedul tléﬁglezs’f !vivig?e angﬁ%%i s Zr

Wire was punsanto & GRIME dladPasidd Qjycrfet ween the edge portion and the
center of the sputtering target. In the transparent el ectroconductive f

il mon the gl assTsebgbkaham cthecyalgta 0f didnetded dfl Rlint bZDHe+ih Zdhe) |
which represents the ratio of the atom c nunber of Zr to the atom c nunber
of all sputtering target B was 2.2 pym. The X-ray structural analysis
of the sputtering target B demonstrated that the target B
contained a hexagonal lamellar compound made of In;O03;{Zn0)s.

A glass substrate was set into an RF magnetron sputtering
device of the same type as in Example 1-1, and the temperature
of this glass substrate was set to 250°C. In the same way as
in Example 1-1 except this matter, a transparent electrode
substrate wherein a transparent electroconductive film was
formed on the glass substrate was produced.

In the transparent electroconductive film on the glass
substrate, the value of [Re]/{[In] + [Zn] + [Re]), which
represents the ratio of the atomic number of Re to the atomic
number of all the metals, was 0.5 x 10°%. The resistivity, the
carrier density, the mcbility and the transmittance of this
transparent electroconductive filmwere measured. Asaresult,
they were 185 pu+Q-cm, 10.20 x 10*° /cm®, 36 cm®/V-sec., and 90%,
respectively (Table 1-2). The transparent electroconductive

film was subjected to X-ray structural analysis. As a result,

it was found out that the film was amorphous. In other words,
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the metals, was 6. 7 x 10-3. The resistivity, the carrier density, the
nmobility and the transmttance of this transparent el ectroconductive film
were nmeasured. As a result, they were 216 ~t- Q- cm 7. 8 0 x 1020 /cn8,
36 cm/V- sec., and 90% respectively (Table 1-2). The transparent

el ectroconductive fil mwas subjected to X-ray structural analysis. As a
result, it was found out that the filmwas anorphous. In other words, the
resul tant transparent el ectroconductive filmwas an anDrphous t ranspar ent
electrocoqﬂyctlve a | ow resistance

e R T e R AL cp%%%%%%rl? e B i Sad s i n

t ransparen

Exanpl e 1- cept that the ed 5 aWwre and this W
wire was put 1333{0 %2 Tt repr(?gl |%Cﬁt%éa weenq:qjl e %l gr% IE)‘E(‘)r:'fn%n aj: "t he
center of the dering target In the transparent el ectroconductive film

on the gl ass substrate, the value of [W / ( [In] +[Zn] + [W ) , which
represents[éggﬁ fglf)lfﬁ the atom ¢ nunber of Wto the atom c nunber of al

the netal s, s 1.3 x 10-3 . The resistivity, the carrier density, the
mobi ity and the teaﬂg&tgae@@étt&&tatmrﬁm wsg%&ta&fégﬁi%tw@ film
were neasured. As a result, they were 3 p - - cm 9. 70 x 1020 /cm,

30 cm / V- 86 wadnds W%xb@@g@ll—ymé/xcéﬂ@tﬂh%tltﬁ)s rRd huelxter AaSPEk Rded
el ectroconductive filmwas subjected to X-ray structural analysis. As a

resul t, itcovas Nbownde oitid tthals tewh irk i@ oimamouscehdral hessioies, the
resul tant transparent electroconductive filmwas an anorphous transparent
el ect r ocorhtotaaret helaidrayo ngian laow tlescshapeenf th&Esanmlte rinb/tahget.
transparent el ect roconduct ive filmwas produced in the same way as in
Exanpl e 1-Idtkexcephsphatntkd e niaomdeas: ioteainigledon the glass substrate,
the value of [Nb]/{[In] + [Zn] + [Nb]), which represents the
ratio of the atomic number of Nb to the atomic number of all
themetals, was 4.0 x 107>, Theresistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film were measured. Bs a result, they were
210p-Q-cm, 10.50 x 10%° /em®, 31 cm?/V-sec., and 90%, respectively
(Table 1-2). The transparent electroconductive film was
subjected tco X-ray structural analysis. As a result, it was
found out that the film was amorphous. In other words, the
resultant transparent electroconductive film was an amcrphous
transparent electroconductive film having & low resistance.
[Example 1-12]
A transparent electroconductive film was produced in the
same way as in Example 1-10 except that the Re wire was changed
tc a Zr wire and this Zr wire was put onto a central position
between the edge portion and the center of the sputtering target.

Inthetransparentelectroconductive filmentheglasssubstrate,

the value of [Zr]/([In] + [Zn] + [Zr}), which represents the
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to an Mo wire and this Mo wire was put onto a central position between the
edge portion and the center of the sputtering target. Tn thetransparent

el ect roconduct ive f ilnmon the glass substrate, the value of [M]/([In] +
[Zn] + [Mol), which represents the ratio of the atom c nunber of Mo to the
atom c nunber of all the netals, was 4. 2 X 10-3 . The resistivity, the
carrier density, the nobility and the transmttance of this transparent

el ectroconductive filmwere neasured. As a result, they were 215 ~L- O -

cm 9. 20 1021 m, 3 2 CVv [V. c. ,_and 90% respect.ivel Tabl e
) The Srafie Bir SHE BFOELFoBURAREL FLelFi T e Soobtio, BOVHRT (4F Xray

t t I | ysis. As L4, | f t that th il
Srorohoue B uR ST ERE L cbhPi e TGt LBl BE A e
filmwas %rpleaquoll‘[%/ Hfg%] arent, gliectroconductive £l Vin%g alow
resi st ance. anpl f- ] n& um-oxi de, Zinc oxide, ti hrand Re were ni xed

to set  thaovalie gl hhal gl 2adyzcdhi Glt LepLesent s, fhe Jatd o of

t he at om ¢ nunber e atom ¢ nunber of al e nefals,” to 0.83,

set the valgs, ah. ESNY (TAd0% [ 2R3, S0l S8kl Chand SBE eSS diherd i 0 Of

the atomic nunber of Sn to the atom ¢ nunber thereof, fo 2. X 10-2 , and

set the valueief 1[-Re]l/ (ThEntransphdndnt EREEtYoconhluehikepresangsthe ratio
of the atomic nunber of Re to the atonmi c nunber thereof, to 0. 1 - 10-4.

This m xt yL®jwasdstb) gctrad terwetupHlivenkZgkien tosyi ebskpovdert wEe powder
wasdried, granul ated, and press -nolded to yield a nolded product. The
resul t ant feondedupr atet twas fdat edst ar4ACssS0 as behbe wsirdker ethe t her eby
yielding a sputtering target D four inches square. The density thereof was
6. 89 g/ CMBesTlie amixt rensphyshal e rat rodeedet e voff idimgasxadenarghmas
transparent electroconductive film having a low resistance.
[Example 1-13]
Indium coxide, zinc oxide and tin were mixed to set the
value of [In]/{([In] + [Zn]), which represents the ratio of the
atomic number of In to the atomic number of all the metals, to
0.83 and set the value of [Sn]/([In] + [Zn] + [5n]}, which
represents the ratic of the atomic number of Sn to the atomic
number thereof, to 2.8 x 1072, This mixture was subjected to
wet pulverizaticn to yield powder. The powder was dried,
granulated, and press-molded to yield a molded product. The
resultant moldedproduct washeatedto 1450°C soas tobe sintered,
thereby yielding a sputtering target C four inches square. The
density thereof was 6.88 g/cm’.
The maximum crystal grain diameter of zinc oxide in the
sputtering target C was 2.1 pm. The X-ray structural analysis
of the sputtering target C demonstrated that the target C

contained a hexagonal lamellar compound made of Iny03(Zn0)s.

Sputtering was performed using the resultant sputtering
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sputtering target Dwas 2.3 ~Lm The X-ray structural analysis of the
sputtering target D denonstrated that the target D contai ned a hexagonal

| anel | ar conpound nmade of 1n20_3 (ZnO) 5. At this tine, no peak originating
fromthe Re netal was recogni zed. A glass substrate was set into an RF
magnetron sputtering device of the sanme type as in Exanple 1-1, and the
tenperature of this glass substrate was set to 2500C. Sputtering was
performed using the sputtering target D produced as descri bed 53 above at a

pressure af. ik P -503% Lo TALMA,L1B0SRAT £k oof! RCLL oconduEL vy f 11 m of

12 0 nm t hickness on the gl/as "'s "supstrare. | ass ate was

heat ed at ' f Lo th
eated a ﬁﬁ@g&s%ﬂggg@su gi?rﬁgggb%evj\%lﬁxé £ dnDOYL LD thi ae%\%(%rc%ﬁ%uctive

t ranspar ent el ectr erern e transpar ent e

filmwas foramd n 48 GlASS SUDSITAte . as praducesh c e, dsshsti Md Y, the

carrier density, the nobility and the transmttance of this transparent

el ect roconduGy I fidRe bl e gl suhgldal £ efes pasiiedy, As a result,
they were 183[t-Qcm 10. 5 X 10211 /cm, 37 cm/V- sec. , and 90%

respectively. ThetheaRspakeairealeet ceeenduatiuveifel M MASCEUbLECIRIss0 X-ray
structural analysis. As a result, it was found out that the filmwas
anor phous.supstoidter, wiHds;alle deslHd aht [ Injanspaarent+ ERerct )y ogonshuctive film
was an anor phous transparent el ectroconductive filmhaving a | ow resistance.
A new sputdesrdargritay géle Dawhiochfwalse difdret @ntunilyeamdih@e abowke nendhbned
sputtering target D was used to perform sputtering continuously under the
above- mentriwred: odnai i i Ons meftarl S0wheud s5 A4 03° r eShlet readsabrotyal tié schar ge
was caused. No nodules were generated in the surf ace of this sputtering
target Dcaaticr wienased itha heolb0lHourarsputhertirgpsmittance of this

transparent electroconductive filmwere measured. Asaresult,

they were 186 p-Q-cm, 10.20 x 1020/cnﬁ, 36 cmz/V-sec., and 90%,

respectively (Table 1-2). The transparent electroconductive

film was subjected to X-ray structural analysis. As a result,

it was found cut that the film was amorphous. In other werds,

the resultant transparent electroconductive film was an

amorphous transparent electroconductive film having a low

resistance.

[Example 1-14]

A transparent electroconductive film was produced in the

same way as in Example 1-13 except that the Re wire was changed

to an Nb wire and this Nb wire was put onto a central position

between the edge portion and the center of the sputtering target.

Inthetransparent electroconductivefilmontheglass substrate,

the value of [Nb]/([In] + [Zn] + [Nb]), which represents the

ratio of the atomic number of Nb to the atomic number of all

themetals, was4.1x107°. Theresistivity, thecarrierdensity,

the mobility and the transmittance of this transparent
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[ Modi fi ed Exanple 1-1] In the above-nentioned Exanples 1-1 to 1-18, the
thermal treatnent steps for the anorphous transparent el ectroconductive
films were conducted in the atnosphere of Ar. Needless to say, in the Ar

at nosphere, the concentration of oxygen was 0. 1% or |ess by volune. The
present invention is not limted thereto, 54 and thus the anorphous
transparent el ectroconductive filnms my be subjected to thermal treatnent
in the presence of hydrogen also. It is preferred that the concentration of
hydr ogen, mhlch |s resent together, is froml to 10% vol ume.

[ Conpar at i&/€ uftEWeS§&9F@WFﬁ§IW%%S$%§¢orﬁ%HamF?ﬁB¥F ptleY Mfithe Re

i f putt t A th
Exanpl e ﬁﬁﬁﬁép(emtﬁ piRskicy %nwéﬂne%afrik?ee%pew@&e SR dher el n a
t I dyct il bstrat
ot oduced. | FREFodt i L9 LRANSRAFFOE GASIEGCSPRESISBR fiyMads the

transnltta e of t ransparent ele troc nductive film the ass
Substrat e MENESHEb el TR W&Wa LRB NErE” 50 P re%y b 8% 0 x
1021 /CI\/Bf 1 d% +138C- % wé%e%p%&,qu% TabI rast F
transparent e ectrocon uct |ve mwas su 3 rucfura

anal ysi s. As A %%“LEapkﬁa%?ﬁt éPE@@r %@@El%QQijrl@5@a§n4ﬂPHﬁﬂﬁﬁgct ‘o

However, the resistivi t he resu anor phous transpare

CondUCt'V%rd sPa reR% @ﬂ¥3¥ édﬁﬁﬁddﬁﬂvéﬁfﬂﬂ@IﬁﬂﬂﬂRﬁQ¥3uﬁJQR§ﬁ%%%Hce

el ectroconductive filmof Exanple 1- [ Conpar ati've Exanple 1-21
transpar entzx@h@atys qcanduct i ve f|In1mas produced in the sanme way as in
Exanpl e 1-1 exCept that an Re wire was put onto

A transparent electroconductive film was produced in the
same way as in Example 1-13 except that the Re wire was changed
to a Zr wire and this Zr wire was put onto a central position
between the edge portion and the center of the sputtering target.
Inthetransparent electroconductivefilmontheglass substrate,
the value of [Zr]/([In] + [Zn] + [Zr]), which represents the
ratio of the atomic number of Zr to the atomic number of all
themetals, was 6.7 x107°. Theresistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film were measured. As a result, they were
216 u-Q-cm, 7.80 x 10%° /em®, 36 cm?/V-sec., and 90%, respectively
(Table 1-2). The transparent electroconductive film was
subjected to X-ray structural analysis. As a result, it was
found out that the film was amorphous. In other words, the
resultant transparent electroconductive film was an amorphous
transparent electroconductive film having a low resistance.
[Example 1-16]

A transparent electroconductive film was produced in the

same way as in Example 1-10 except that the Re wire was changed
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an erosion of the sputtering target A The resistivity, the carrier
density, the nobility and the transmttance of this transparent

el ectrocanductive filmon the glass substrate were neasured. As a result,
they were 263 p-Qcm 6.57 X 1020 /CV3, 55 37 CM/V. sec., and 87%
respectively (Table 1-1). The transparent el ectroconductive film was
subjected to X-ray structural analysis. As a result, it was found out that
the filmwas anorphous. [Conparative Exanple 1-3] A transparent
electroconduc ive fil roduced in the sane n. Conpar ati ve
Bcanpl o 102 SRCUHE FRAC RN Ko A 15 PUAICHAR GO o bORE AP ROE R
resistivi e carr er den the transmita e of
Lhis o ranhr REechebt FORaTRCLT4 S F1eh 84 Ehe amggeghﬁgtm%%r

measur ed. thést]?aﬁgfg%%}nt erl%yc W & H%U((_?E f?'[grf)on@in ggs 1.1jbozcora/tec,rrB 35

CM/ V. secC r espec ivel ransparent

el ect roconducy i ye. L py s sublested 1 mgsr%féw g ey sl e 2

result, it was at ' th anor phous nparatlve

1-4] Atr BIFSPL %@om@'c‘eﬁuﬁQ&PWﬁtﬂd’ %hE'AEBrP(Pé nRk@dYCod 3 1'1 ENE nSaTR VWay as
in Conparative Exanple 1-2 except that the Re wre was changed to a Zr

wire. Theyneshski wi i1y t heneankis8lstdenght Y thet ke rmmkid idonard ,t hee
transmttance of this transparent el ectroconductive filmon the gl ass

substrat epwerie ifgasuhdedhe Ay aash@stilhcet beywere 268 dra@ewem 7. 78 X 1020
/CVMB , 29 CMR/V_ sec. and 89% respectively (Table 1-1) . The transparent

el ect r ocordueetirge chidmrwas stbinesé € ridh urary. stsugt deahlt ANy SiviareAs a

result, it was found out that the f|In1mas
213pu+Q-cm, 9.70 x 10%° /em®, 30 cm®/V-sec., and 90%, respectively
(Table 1-2). The transparent electroconductive film was
subjected to X-ray structural analysis. As a result, it was
found out that the film was amorphous. In other words, the
resultant transparent electroconductive f£ilm was an amorphous
transparent electroconductive film having a low resistance.
[Example 1-17]

A transparent electroconductive £film was produced in the
same way as in Example 1-10 except that the Re wire was changed
to an Mo wire and this Mo wire was put ontc a central position
between the edge porticn and the center of the sputtering target.
Inthetransparent electroconductivefilmontheglass substrate,
the value of [Mo]/{([In] + [Zn] + [Mo]), which represents the
ratic of the atomic number of Mc to the atomic number of all
themetals, was 4.2x107>. Theresistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film were measured. As a result, they were
215u-Q-cm, 9.20 x 10%° /cm®, 32 cm?/V-sec., and 90%, respectively

(Table 1-2). The transparent electroconductive film was
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anor phous. [ Conparative Exanple 1-5] 56 Sputtering was performed w thout
putting the Re wire of Exanple 1-10 onto a sputtering target. In the sane
way as in Exanple 1-10 except this matter, a transparent el ectroconductive
filmwas produced. The resistivity, the carrier density, the nobility and
the transmttance of this transparent el ectroconductive filmon the gl ass
substrate were neasured. As a result, theywere 328 [t- Q@ cm 6. 43 . 1020
/cm [ 29.6 CM2/V_ sec., and 89% respectively (Table 1-2) . The transparent
el ectroconductive filmwas subjected to X-ray structural analysis. As a
result, SUOAESTROUGE SaE2hEETPREVFPLNPRES YSafor phoud . TG bHparst iNAS Exanpl e
1-6] Wet pul veri zation s perforned in the state that the value_of [Re] /
( [In] +fﬁfﬁﬁ PUREAL &%ﬁbﬁlﬁgbﬁg§eﬁﬁ$9ﬂm?qﬁatignoPtgﬁE WREERY c “Renber of
Re to the a%ﬁhic nunber of ahl%;he netalg i@. Ex qple 1-18, was ,set to 1. 5
x 10-2. HTne 2 Sanmb T RAFPAS Sl h EkAnpt 2014 Je‘k%e%t T HES ARAEEPICShut teri ng
target E_faur. inches uare 3 .pr .o ed, the density thereaof being 6.86
g/ cm The tr]rféaflls aﬁeéﬁyse? %C%ﬁroéﬁoﬁl &é\{?:ztr%&ee%%o zhlaﬁ’cln(%(iadéol‘yn e Setsaﬁluctet ‘ering

target E g@gﬂﬁd% qu)]The X-ray structural analysis of the sputtering
target E deno strateg that the target E contained a hexagonal |anell ar

conpound made 9fohAEOBLZRG) S ; BRULLEELNO: MRS RETLOTFBHE Upi g LS syputLeri ng
target E instead of the sputtering target D of Exanple 1-18. In the sane

way as i rpExaaphe df 18 8xceptnt bi $2ARI ! afni @ tHeieRRAN thel estrgconduct i ve
substrate wherein a transparent

the atomic number of In tc the atomic number of all the metals,
to 0.83, set the value of [Snl/([In}! + [Zn] + [Sn]), which
represents the ratio of the atomic number of Sn to the atomic
number thereof, to 2.5 x 107%, and set the value of [Re]/([In]
+ [Zn] + [Re]), which represents the ratio of the atomic number
of Re to the atomic number thereof, to 0.1 x 10™%. This mixture
was subjected to wet pulverization to yield powder. The powder
wasdried, granulated, andpress-moldedtoyieldamoldedproduct.
The resultant molded product was heated to 1450°C sc as to be
sintered, thereby yielding a sputtering target D four inches
square. The density thereof was 6.89 g/cm’.

The maximum crystal grain diameter of zinc oxide in the
sputtering target D was 2.3 um. The X-ray structural analysis
of the sputtering target D demonstrated that the target D
contained a hexagenal lamellar compound made of Iny0;5{Zn0)s. AL
this time, no peak originating from the Re metal was recognized.

A glass substrate was set into an RF magnetron sputtering
device of the same type as in Example 1-1, and the temperature

of this glass substrate was set to 250°C. Sputtering was

performed using the sputtering target D produced as described
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el ectroconductive filmwas fornmed on a glass substrate was 57 produced. The
resistivity, the carrier density, the nobility and the transmttance of this
transparent el ectroconductive film on the glass substrate were nmeasured. As
aresult, they were 263~t-Qcm 6.57xIO'/cm, 37cm/V-sec., and87%
respectively. The transparent el ectroconductive filmwas subjected to X-ray
structural analysis. As a result, it was found out that the filmwas

anor phous. However, the resistivity of the resultant anDrphous t ranspar ent

el ectroconductiv er Hh% t hat of t% hous _transparent

ol ot 1 oGoRHUCEI 6 Fi PRESFEZExMpPe 128 AoPRer newdna: LAATRGCATGot E Vs
used to pgpf ?E&I‘o Hﬁ&% G L% cont 'i%ﬁ‘{ﬁd%% nAeL L g%t boyes TEnL b%’%%%t

conditi ons a resu nor nar - di'sc ge Was caused

Nodul es WREE.0 é‘éﬁ%ésngﬁgtiﬁ(iE%gaes tt)@éc%&% i ?ﬁl Eh”‘é Ao h%fxleer the

end of the spﬁt erimn com 0
cH mB'f'm: BBE—Q@MKOO) IW§¥Q§’PW@MSparent electrode substrate,

wherein the transparent electroccenductive film was formed on
the glass substrate, was produced.

The resistivity, the carrier density, the mobility and
the transmittance of this transparent electrcconductive film
on the glass substrate were measured. As a result, they were
lBBprS)-mn,10.SX1020/cm3,37CHF/V-sec.,and9O%,respectively.
The transparent electrcoconductive film was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphous. In other words, the resultant transparent
electroconductive film was an amorphous transparent
electroconductive film having a low resistance.

A new sputtering target D which was different from the
above-mentioned sputtering target D was used to perform
sputtering continuocusly under the above-mentioned conditions
for 50 hours. As a result, nc abnormal discharge was caused.
Nonodulesweregeneratedinthe surfaceof this sputteringtarget
), which was used in the 50-hour sputtering.

[Modified Example 1-1]

In the above-mentioned Examples 1-1 to 1-18, the thermal
treatment steps for the amorphous transparent electroconductive
films were conducted in the atmosphere of Ar. Needless to say,
in the Ar atmosphere, the concentration of oxygen was 0.1% or

less by volume. The present invention is not limited thereto,
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and thus the amorphous transparent electroconductive films may
be subjected to thermal treatment in the presence of hydrogen
also. It ispreferredthat the concentrationof hydrogen, which
is present together, is from 1 to 10% by volume.
[Comparative Example 1-1]

Sputtering was performed without putting the Re wire of
Example 1-1 onto the sputtering target A. In the same way as
in Example 1-1 except this matter, a transparent electrode
substrate wherein a transparent electroconductive film was
formed on a glass substrate was produced.

The resistivity, the carrier density, the mobility and
the transmittance of this transparent electroconductive film
on the glass substrate were measured. As a result, they were
350u-Q-cm,9.2OXiMVO/cm3,19cm@/v-sec.,and89%,respectively
(Table 1-1}. The transparent electroconductive film was
subjected to X-ray structural analysis. As a result, it was
found out that the filmwas amorphous. However, theresistivity
of the resultant amorphous transparent electrocenductive film
was higher than that of the amorphous transparent
electroconductive film of Example 1-1.

[Comparative Example 1-2]

A transparent electroconductive film was produced in the
same way as in Example 1-1 except that an Re wire was put onto
an erosion of the sputtering target A. The resistivity, the
carrier density, the mobility and the transmittance of this
transparent electroconductive film on the glass substrate were

measured. As a result, they were 263 u-Q-cm, 6.57 x 10%° /cm®,
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37 cm®/V-sec., and 87%, respectively (Table 1-1). The
transparent electroconductive film was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphous.

[Comparative Example 1-3]

A transparent electroconductive film was produced in the
same way as in Comparative Example 1-2 except that the Re wire
was changed toanNbwire. Theresistivity, thecarrierdensity,
the mobility and the transmittance of this transparent
electroconductive film on the glass substrate were measured.
Asaresult,theywere266g-Q-cm,6.69XJIﬂO/cm% 35 cm?/V-sec.,
and 88%, respectively {(Table 1-1). The transparent
electroconductive film was subjected to X-ray structural
analysis. As a result, it was found out that the film was
amorphous.

[Comparative Example 1-4]

A transparent electroconductive film was produced in the
same way as in Comparative Example 1-2 except that the Re wire
was changed toa Zr wire. The resistivity, the carrier density,
the mobility and the transmittance of this transparent
electroconductive film on the glass substrate were measured.
As a result, theywere 268 u-Q-cm, 7.78 x 10%° /em?®, 29 cm®/V- sec.,
and 89%, respectively (Table 1-1). The transparent
electroconductive film was subjected to ¥X-ray structural
analysis. As a result, it was found cut that the film was
amorphcus.

[Comparative Example 1-5]
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Sputtering was performed without putting the Re wire of
Example 1-10 onto a sputtering target. In the same way as in
Example 1-10except thismatter, atransparent electroconductive
film was preoduced. The resistivity, the carrier density, the
mobility and the transmittance of this transparent
electroconductive £film on the glass substrate were measured.
Asaresult,theywere328p-ﬂ-cm,6.43X1Om/cm3,29.6cm%ﬁﬁsec.,
and 89%, respectively (Table 1-2}. The transparent
electroconductive film was subjected to X-ray structural
analysis. As a result, it was found out that the film was
amorphous.

[Comparative Example 1-6]

Wet pulverizationwasperformedin the state that the value
of [Re]/([In] + [Zn] + [Re]), which represents the ratio of the
atomic number of Re to the atomic number of all the metals in
Example 1-18, was set to 1.5 x 1072, In the same way as in Example
1-18 except thismatter, a sputtering target E four inches square
was produced, the density thereof being 6.8%6 g/cm’.

The maximum crystal grain diameter of zinc oxide in the
sputtering target E was 2.2 pm. The ¥X-ray structural analysis
cf the sputtering target E demonstrated that the target E
contained a hexagonal lamellar compound made of InyO03(Zn0)s.

Sputtering was performed using the sputtering target E
instead of the sputtering target D of Example 1-18. 1In the same
way as in Example 1-18 except this matter, a transparent
electroconductive substrate wherein a transparent

electroconductive film was formed on a glass substrate was
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produced.

The resistivity, the carrier density, the mcbility and
the transmittance of this transparent electroconductive film
cn the glass substrate were measured. As a result, they were
263pu-Q-cm, 6.57 x10%° /em®, 37 cm?/V-sec., and87%, respectively.
The transparent electreoconductive film was subjected to X-ray
structural analysis. As a result, it was found out that the
film was amorphous. However, the resistivity of the resultant
amorphous transparent electroconductive film was higher than
that of the amorphous transparent electroconductive film of
Example 1-1.

Another new sputtering target E was used to perform
sputtering continucusly under the above-mentioned conditions
for %0 hours. As a result, abncrmal discharge was caused.
Nodules were observed in the surface of the sputtering target

E after the end of the sputtering.

Table 1-1
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Second group embodiments

On the basis of the drawings, preferred second group

embodiments of the inventionwill be describedhereinafter.
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WAUHWrWrWrrrWrWrroW Second group enbodi nents On the basis of the

drawi ngs, preferred second group enbodinments of the invention will be

descri bed hereinafter. The 60 second group enbodi nents are enbodi nents

concerned with the invention of the second group. The following wll

describe ten specific exanples (Exanples 2-1 to 2-10 and six Conparative
second group embodiments are embodiments concerned with the
invention of the second group. The following will describe ten
specific examples (Examples 2-1 tc 2-10 and six Comparative
Examples (Comparative Examples 2-1 to 2-6).

In the following description, color filters for liquid
crystal displays are mainly described. Examples wherein their
transparent electrode is a liquid-crystal-driving transparent
electrode are described. Of course, however, the color filter
of the inventicn for display can be applied to various displays
each using a color filter with electrodes.

The liquid-crystal-driving transparent electrodes in the
second group embodiments are substantially equivalent to the
amorphous transparent electrocenductive films inthe first group
embodiments. In each of the second group embodiments, an
amorphous transparent electroconductive film is used as an
electrode; thus, attention is paid to the function thereof,
whereby the film is called the liquid-crystal-driving
transparent electrode.

[Example 2-1]

In Example 2-1, there is described an example of a color
filter for liquid crystal display wherein an electrically
insulating transparent substrate, cclored layers, and a
ligquid-crystal-driving transparent electrode are laminated in

this order.

(1) Formaticn of Colored Layer

Preparedwas a product whereinan ITO filmhaving a surface

resistance of 20 Q/0 was formed on a glass substrate as an
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Exanpl es (Conparative Exanples 2-1 to 2-6). In the foll ow ng description
color filters for liquid crystal displays are mainly described. Exanples
wherein their transparent electrode is a 1 iquid-cryst a 1 -driving
transparent electrode are described. O course, however, the color filter
of the invention for display can be applied to various displays each using
a color filter with electrodes. The 1 iquid-cry3t al -driving transparent

el ectrodes in the second group enbodi nents are substantially equivalent to
t he anorphous transparent el ectroconductive f ilnms in the f irst group
enbodi mentd eclkiicadh Yofn 1 hed Seedhd 25PBap BRI TS UaﬁnuéﬁﬁFBﬁ@agw
transparent el ectroconductive filmis used as an el|ectrode; thus, attention

is paid t GSCRELEGNELT ontRAHRTS SURTHIEHF R DA PrPise Al 129 eing 2

| i quid-cr al -drivin t ransparent, el ectrode. [ Ex le . 2-1] . 1n anple 2-1,
there 1 o BELerPBE SHA ek B P Lo ea 081 BRI AL 1 BICPFRTE EPySEAI G Spl ay
wherein a l.ect.ri cal l insul atin ransparent substrate ol_ared | ayers,
2nd a 1 | QELACEr SR P Uy T ARSPT SRS Lt FBAE g TRy At I thi s
order. (1£lggkg%ﬁl qsogegghqr%%.Layer Prepared was a product wherein an I TO
f il mhaving a Sart ~8cer'dsistance of 20 Q llwas forned on a gl ass

substrate(gﬁi%BFggtgbﬁggﬁi%ubl%lggigbggiggpt rate

(manuf act otra o abstrat e et e bl ue gl ass
having a ppekish O%g%b e (silica dip product)). According to the
foIIomﬁng-steps—?g§—rrr%¥% , colored layers were formed by mcelle

el ectrolysis teghn§¥@aviclet curable resist agent (FH22130,

manufactured by Fuji-Hunt Electronics Technology Co., Ltd.) was
applied onto the ITC film by spin coating at a rotation speed
of 1000 rpm. After the spincoeoating, the resultant was pre-baked
at 80°C for 15 minutes. Thereafter, the ITO-glass substrate,
wherein the resist filmwas formed, was set to an exposure device.
The mask adopted therein had a longitudinal pattern of 1920
stripes having a line width of 20 um, a gap of 20 pm and & line
length of 230 mm.

The used light source was a 2-kw high-pressure mercury
lamp. A proximity gap of 70 pm was adopted, and the resist film
was exposed to light at 120 mJ/cm?. Thereafter, the resultant
was developed with a developing solution {FHD-5, manufactured
by Fuji-Hunt Electronics Technology Co., Ltd.) to pattern the
reslist pattern into a given form. After the development, the
resultant was rinsed with pure water, and then post-baked at
180°C.

Next, a 1 M sclution of FeCliy, 6N HC1l, 0.1 N HNO; and 0.1
N Ce(NOs3)4 in water was prepared as an etching solution, and

the above-menticned resist film patterned into the given form
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(a) Formation of |ITO Electrode for Electrolysis by Photolithography An

ul traviolet curable resist agent (FH22130, manufactured by Fuj i-Hunt

El ectroni cs Technology Co. , Ltd. was applied onto the ITO filmby spin
coating at a rotation speed of 1000 rpm After the spin coating, the
resultant was pre-baked at 80'C for 15 m nutes. Thereafter, the ITO gl ass
substrate, whereinthe resist filmvas forned, was set to an exposure devi ce.
The mask adopted therein had a |ongitudinal pattern of 1920 stri pes havi ng

a1 e W g ol $0-01T:.3,530 01,20, LB 2 e L sably 9 (230.y, The

used |ight source was a pr éssure nercur pI‘OXI mty gap of

70 pm vassagonbed: 29 %m&éw ?héc i \@a%h%xeggﬁqngow G0k calck28,M [ OV

Thereafter resu tant vel op e wi th a developing solution (FHD 5,

manuf act ur gd p Ay FHi rﬁeﬂ{p}ecﬁr%%hrl@@' &P tﬁ%CQPQ&QEi’c Qi dddhde tOTRALLErN the
resist pattern into a given form After the devel opnent, the resultant was

rinsed with a9tk eﬁ@@t%b@%é&l@té}ﬂi@@héh e18P8ka r ey whh Mheol ution
of FeCl3, 6N HC, 0. 1 N HNO3 and 0. 1 N Cg( N83)4 in water was prepared as

an etchi ngtanhﬂgl ehdsand the above-nentioned resist filmpatterned into the
given form 62 was used as a mask to etch the ITOfilmwth the etching
solution for abbutr 2henarud est tHee eendthiofg,t héeetreliunig anas wdecirdedean the
basis of neasured results of the electric resistance. This is because the
el ectri c wveshspaneevzhangesnad endrdeablgntvhen heheresatsthifrig remds. pAkfled t he end
of the etching, the resultant was rinsed wth pure water, and subsequently
t he resiswithlhﬂmﬁsobeeﬁbd this way, a stripe-form ITO electrode for
electrolysis was formed on the glass substrate. The glass
substrate having the ITO electrode for electreclysis will be
called the “ITO-patterned glass substrate” hereinafter. This
ITOelectrodeforelectrolysiswasused, andmicelleelectrolysis
technique was applied thereto, thereby forming colored layers,

which will be described later.

(b) Formation of Light-shielding Layer

As a resist agent for light-shielding layer formation,
there was used a mixture wherein color mosaics CK, CR, CG and
CB, manufactured by Fuji-Hunt Electronics Technology Co., Ltd.,
were mixed at a ratio (weight ratio} of 3/1/1/1. The
ITGC-patterned glass substrate formed in the step (a) was rotated
at 10 rpm. The resist agent for light-shielding layer formation
was sprayed in an amount cof 30 cc onto this substrate. Next,
the rotation number (the rotation number of the ITO-patterned
glass substrate) for the spin coating was set to 500 rpm so as
to form a homogeneous resist film on the ITO-patterned glass
substrate. After the spin coating, the resultant was pre-baked

at 80° for 15 minutes.

63



with IN NaOH In this way, a stripe-formITO el ectrode for electrolysis was
formed on the glass substrate. The glass substrate having the I TO el ectrode
for electrolysis will be <called the "ITO patterned gl ass substrate"
hereinafter. This |1TO electrode for electrolysis was used, andmicelle

el ectrolysis technique was applied thereto, thereby form ng colored | ayers,
which will be described later. (b) Formation of Light-shielding Layer As a
resist agent for light-shielding |ayer formation, there was used a m xture

wh i | i CK, CR.CG d CB f.act d by Fuj.i.- Hunt
Bl ectroni os TechROFEas eh: WILIE 20 Wenes W %O He BiPst PE T dirERt o) of

3/1/1/1. The L TO patt I b te f di h t .

ILLIL ThecTgatt suned ol ass subslr gt for e bnt e, shan (o gs
d_j t 3 t_hi bst.rat e. Xt fati

ras Sbro/Sls| 0, AT AIRUN AT 30160, 0L0 L SbStat ey et e g o o

Spin coat ,agquas 3el,J0c A0 LOM S 1A% b0 LAIM A 7HAMRIERLOUS L SxluSLel i m on

the I TO patterne l'ass strate. After t spi'n coafing,”t resul t ant

was pre-baked, 21,80G iy dex U ATRS 83 Thebeal & §5roihi €, afh@Rosur e

devi ce having an alignnment function was used to carry out™ given alignnent,

a mask haynngss addpre,desigmé 994 s316 1M G estant /sy thl Negmt dih:1020 pm
was used to expose the resist filmto |ight. The used Ilgh? source was a 2

kw hi gh- pfrggsmf e MefWF de|P.tHe Hedddnt g efe v opddnwiash adopt ed, and
the resist filmwas exposed to light at 100 2 m/cm Thereafter, the

resul tant deesldevabopedunibh da gevelopi prgeselitit comuGa pueduchD,wherein a

Fuji Hunt CD,
manufactured by Fuji-Hunt Electronics Technology Co., Ltd., was
diluted 4 times with pure water) for 30 seconds, so as to pattern
the resist film into a given form. After the development, the
resultant was rinsed with pure water, and then post-baked at
200°C for 100 minutes. In this way, a light-shielding layer
made of the above-mentioned resist film and having a given shape
(thickness: 1.1 um} was formed. The product wherein the
light-shielding layer was formed on the ITO-patterned glass
substrate will be referred to as the “glass substrate with the

light-shielding layer” hereinafter.

(c] Preparation of Dispersion for Micelle Electrolysis

As a dispersion for forming a colored layer having a high
spectral transmittance in a red wavelength range {referred to
as the “R colored layer” hereinafter), a dispersion (dispersing
medium: pure water) of Chromo Phthal Red A2B (manufactured by
Ciba-Geigy Japan Limited) was used. A dispersion for forming
a colored layer having a high spectral transmittance in a green
wavelength range (referred to as the “G colored layer”

hereinafter) was prepared by mixing a dispersion {(dispersing
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manuf actured by Fuj i-Hunt El ectronics Technology Co. , Ltd. , was diluted 4
times with pure water) for 30 seconds, so as to pattern the resist film
into a given form After the devel opnent, the resultant was rinsed with
pure water, and then post-baked at 200'C for 100 mnutes. In this way, a

| i ght-shielding | ayer nmade of the above-nentioned resist filmand having a
gi ven shape (thickness: 1.1 ~tn) was forned. The product wherein the
light-shielding |ayer was forned on the I TO patterned gl ass substrate will
be referred to as the "glass substrate with the |ight-shielding |ayer”
her ei naf t BRI1PEy Wé%aﬂ'agi‘?-‘b)n o¢f HBL3p8REI bht 37 1 M ek FO®! deisdt >g¥sc'|3 Ias a

G sper oD el haUnog o BaLare | stel, Nevlag o oy opectsgl ihggom tance
he 1L Bk B0 TPEES 900, R S0, TR R i gl oy
di sper si Ogmg%fgf%‘c%@% ?g c?ﬂ%% eﬁéfg%rpamawiﬁgﬁ%d@gmtﬁpgg{:jﬁ fc!atyréérﬁ%scm ttance

in a green wavelengt nge to as colore

her ei naft er d -y X1 39 hSPeLSLOo i:sper.si-ng dium pure
wat er) ofskéﬁﬁggeﬁ&%??gﬁsfg¥é?gtPgnf%égge%ﬁESEG%egg%g u %ggufggt%% BASF Co.

) and a db%@?é%‘s%n%d SP8Jg, NGy FEA! M e Bﬁgﬁe‘é@tﬁr)tHé,rH;Qé?&'s%‘iut,iqn
(transliteration) Yellow 2RLT (nmanufactured by C ba-Ceigy Japan Limted)

with each,Qthegnabit@akahie (¥Rbgbh:Eali 8dr 0do 7R/ 30 i | @ keepidia jeach of
the dispersions at 20'C, and fufrther dispersing the m xed solution wth an

ul t rasoni ¢chormget Zered10re301 8i,/8UHRS 1 Ay 8inSREr SpOPt r & D ri@isMifg st ol or ed
| ayer having a high spectral transmittance in a blue wavel ength range
(referredihon @3 ukhea V8 €0 ol eting@y eréfehes@itmbbeihe WaBScPI €pad adh viayr"m Xi ng a

di spersion (dispersing
hereinafter) was prepared by mixing a dispersion (dispersing
medium: pure water) of Fastgen {(transliteration} Blue TGR
(manufactured by Dainippcen Ink & Chemicals, Inc.} and Fastgen
(transliteration) Supper Violet 2RN (manufactured by Dainippon
Ink & Chemicals, Inc¢.} with each cther at a ratic (weight ratio)

of 80/20 while keeping each of the dispersions at 20°C.

(d) Micelle Electrolysis

The glass substrate with the light-shielding layer,
produced in the steps (a) and (b), was first immersed into the
R colored layer forming dispersion {liguid temperature: 20°C)
prepared in the above-mentioned step (c¢). A potentiostat was
connected to the ITO electrode for electrolysis (the electrode
for micelle electrolysis) at its site where an R colored layer
was to be formed, and then the glass substrate was subjected
toconstant-potentialelectrolysisat0.5Vvs. SCE for 25minutes
to yield the R colored layer. After the micelle electrolysis,
the resultant was rinsed with pure water, and subsequentiy baked

at 100°C for 15 minutes.
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medi um pure water) of Fastgen (transliteration) Blue TGR (manufactured by
Dai ni ppon Ink & Chemcals, Inc.) and Fastgen (transliteration) Supper
Violet 2RN (manufactured by Dainippon Ink & Chemcals, Inc. ) with each
other at a ratio (weight ratio) of 80/20 while keeping each of the

di spersions at 20'C. (d) Mcelie Electrolysis The gl ass substrate with the
| ight-shielding |ayer, produced in the steps (a) and (b) , was first
imrersed into the R colored |ayer form ng dispersion (liquid tenperature:
20*C) prepared in the above-nentioned, step A potenti ostat was

. (¢), .
connected to thBekFORIIcErBIETPEE I ETPBF §RP & Nthe It t BH.Y 1FP0iehri cel | e

electrolysis) at its site where an R colored |ayer . s to be forned, and
then the §F& %nguﬁéFPEFElRBS?Lh%T%%fEQTP§§?§Hﬁﬁ§téﬁ&cyg%¥%ﬁ?F%?3ET3§¥?olysis
at 0. 5 V_ys. SCE f .or 5, mnutes ,to yield the R colored |ayer. After the
T cel | o oPERYPoITErdonefra Pooliitant BRESTT FRBUEh s BFECREEar O dhT
subsequent .y, 2?%89608% %QQO%LLBEr&? QEQ!JA@Sit@si\Pé“wh%‘é S, RURAN ALy was

i mrersed into e COl ored T ayer orm ng di'spersion i qui d tenperature:

20 C) pr e@%g@@ W4k E?%ee o0 & ”EHP‘O 1L §g|a%%_)sub&19é¥§%g%§f\ﬁﬁjteé@e%

connected to the | trode r el ect ysis at its site ere a G
colored Layesm Mas QbR ol c@Pes 1 heDs %E%\]Qﬂv\z%sadﬁ?féﬁb@ AR, $Hbj ect ed

to cons tant-potent ial electrolysis at O. or 20 mnutes to

yield thetG gptogadhd ayesicpbbierafdie. mageklrer gl actdol ¥sieS e ctirta yasul t ant
was rinsed wth pure water, and subsequently baked at 100'C for 15 m nutes.

Lastly, thhg Ssafisidaitewhasinged sedhipiire hee B, cRlsedsehay et 1 { IRt
di spersion (liquid tenperature: 20'C) prepared in the above-nentioned step
(c) . A patentiéstatrwas eonuested

Lastly, this substrate was immersed intoc the B colored
layer forming dispersion (liquid temperature: 20°C) prepared
in the above-menticned step (c¢). A potentiostat was connected
tothe ITOelectreode forelectrolysisat its sitewhereaBcecolored
layer was tobe formed, and then the glass substrate was subjected
toconstant-potential electrolysisat 0.5Vvs. SCE for 15minutes
to yield the B colored layer. After thismicelle electrolysis,
the resultant was rinsed with pure water, and subsequently baked
at 100°C for 15 minutes.

In this way, the R colored layer, the G colored layer and
the B colored layer were formed in the form of
alternately-arranged stripes. The glass substrate having the
R cored layer, the G colored layer and the B colored layer will
pe referred to as the “glass substrate with the colored layers”
hereinafter.

(2) Formation of Transparent Protective Layer

The glass substrate with the colored layers, yielded in

the (1), was set onto a spin coater. A dispenser was used to
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to the 1 TO electrode f or electrolysis at its site where a B colored |ayer
was to be f ornmed, and then the gl ass substrate was subjected to constant
-potential electrolysis at 0. 5 Vvs. SCEf or 15 mnutes to yield the B
colored layer. After this mcelle electrolysis, the resultant was rinsed
Wi th pure water, and subsequently baked at 100'C for 15 mnutes. In this
way, the R colored |ayer, the G colored |layer and the B colored | ayer were
formed in the formof alternately-arranged stripes. The gl ass substrate
having th R.C I r I ng e ayer wli
be referr g& ptlg agégfq Hg§¥§%§§%h§eu%srf?g$ eg\gmst“?ntq#ea co %%}gaﬁlhgagea?gs ' € cd !

herei naft gy (2) JEopmation of JJransparent Lrateeti yedaven The g ass
substrate \r/tvit'él'tﬁe gol oﬁegpl gfers% yi gl geggi n %%he ‘(%11:) , Was set onto a spin

coater. Acgdhspensenywas used {10; 66 App) Vo P sl d axanse S8 NiP58R8
manuf act ured by Nagase&Co., Ltd.), as a transparent protective |ayer

material, -onb@ctingayeekongd d B%Er® roatldd Stt L 0Brpd Nithddasp spastiraf € W th
the colored layers was slowy rotated at 10 rpm thereby applying the
resin eveihy o8t 0nthergit bheostid age iof thergtasst subsirad e suyddrdihe
colored |l ayers. Furthernore, the glass substrate with the colored | ayers
was r ot at ed tat ti89@on pretiora e md nutke: rtthreptinelréd, ahbe/ingeneabstresemwitdi n film
Thereafter, the resultant was baked at 260C for 2 hours to cure the resin.
In this waype acltredsiparemd wasoretatewd Ayl was §orelldednufd)tdéorimdid on of
Li quid-crystal -driving Transparent El ectrode The "glass substrate with the
col ored | aybpgoganahbehresien thriandpgdment Theoeaéteve thyeresibktdor med', t he

substrate being produced in the (2) , was set up to a DC magnetron direct
sputteringaked at 260°C for 2 hours to cure the resin. In this way, a

transparent protective layer was vyielded.

(3) Formation of Liguid-crystal-driving Transparent Electrode

The “glass substrate with the colored layers on which the
transparent protective layer was formed”, the substrate being
preducedinthe (2), was set uptcaDCmagnetrondirect sputtering
machine, and the pressure in its vacuum chamber was reduced to
1 x 10°® Torr or less. Thereafter, argon gas having a purity
of 99.99% was introduced into the chamber up to 3 x 107 Torr.

A sintered body target composed ¢of a hexagonal lamellar
compound represented by In,0s;(Zn0)s, indium oxide (In,03) and
rhenium oxide (ReO3} (ICP elementary analysis values in a thin
film thereof: [In]/([{In] + [Zn]) = 0.89, and [Re]l/(IIn] + [Zn]
+ [Re]) = 0.000%) was used to perform sputtering at a target
appiied voltage of 420 V and a substrate temperature of 200°C.

In particular, in the above-mentioned expressions, [In]
represents the number of the indium atoms in unit mass, [Zn]
represents the numper of the zinc atoms in unit mass, and [Re]

represents the number of the rhenium atoms in unit mass {(this
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machi ne, and the pressure in its vacuum chanber was reduced to 1 X 10-6
Torr or |less. Thereafter, argon gas having a purity of 99.99% was

i ntroduced into the chanber up to 3 x 10_3 Torr. A sintered body target
conposed of a hexagonal |anellar conpound represented by In203(Zn0O 5,

i ndi um oxi de (In2G3) and rhenium oxide (ReG3) (ICP elenmentary anal ysis
values in a thin filn1thereof: [In] / ([In] +[Zn] ) = 0.89, and [Re] /
([In] +[2Zn] + [Re]) = 0.0005) was used to performsputtering at a target

appl i ed vol e of 420 a substrate tenperature of_20 In rticular,
PP he aﬁwﬁﬁémﬁmaaw Il BHDEE) P bR ERTBELART -1 LA Rorber i e
i.n_unit resent he.zinc atons in

d
anit “mass 1R e TGPt ehEPRERER ot T S b B e s
(this 67 matter m% thfnsgﬂg éhgnéoll W ng gﬁgfﬁ% r;OP ermords

t he above-Ten |oned expre55| ns~each repreéen éfbe meen “the atons.

In the pr§gqusggk gtlntQ%lgugggrh%Equggﬁe represented in this way
S Sp

her ei naf t ccor |ng to thi uttering, the following was forned on the

transparent pr Oh@EBE&?nba¥§rth§s shu Plﬁcﬁyzéeﬁ? ]‘Jio_l{_jf(s\.yl 1 wdd AR LN

el ectrode whi ch was nmadé of an anDrp oxI| m contai ning zinc and

indi um el emephs @SBy &AL LRIt 2L NL S rand 1hafh i 1 enassyofvapput 0. 12
pm In this way, a target color filter for liquid crystal display was

yiel ded. Thizpepheentfeldtefods wiidrahhe nsicd o€ M ©Oamb rohictls x 0fe atitlinve
matrix type liquid crystal display of a thin filmtransistor type. The

surface resnshang@gofihbeatdusdi el dadreaker akihien cdtofondigwiknemtst al
display (the liquid-crystal-driving transparent electrode) was 18 Q D. This

color filter haed ki quidknesgsbdl adbspl ayldagmnotId edoignived as tamdgftor med

color fllEi&brfilterforliquidcrystaldisplaywasyielded. This colox
filteris suitableasacolor filter foractivematrix type liquid
crystal display of a thin film transistor type.

The surface resistance of the thus-yielded color filter
fer liquid crystal display (the liquid-crystal-driving
transparent electrode) was 18 Q/0. Thiscolor filter for liquid
crystal display was not recognized as a deformed color filter,
and exhibited a good external appearance. About the
liquid~crystal-driving transparent electrode in this color
filter for liquid crystal display, a tape peeling test based
on a checkedbecard test was made, and further thereweremeasured:
the moisture and heat resistance thereof (after the electrode
was allowed to stand at 60°C and a relative humidity of 90% for
24 hours, the generation of cracks, creases or peeling was
cbserved with the naked eye or a magnifying glass); and the heat
resistance thereof (after the electrode was allowed to stand

at 250°C for 2 hours, the generation of cracks, creases or peeling

was observed with the naked eye cor a magnifying glass) were
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and exhi bited a good external appearance. About the |[|iquid-crystal-driving
transparent electrode in this color filter for liquid crystal display, a
tape peeling test based on a checked board test was made, and further there
were neasured: the noisture and heat resistance thereof (after the
electrode was allowed to stand at 60'C and a relative humdity of 90%for
24 hours, the generation of cracks, creases or peeling was observed with

t he naked eye or a magnifying glass) ; and the heat resistance thereof
(after the electrode was allowed to stand at 250*C for 2 hours, the

gener at i of®8FfYEFScks, creases or peeling was observed with the naked eye or

i fyi I 68 . JFurth ..t he, el ectrod
tched (1 nes SphaatnBFhBeRy TR e koA e L RP Gt i G ors of 10X 1 ¢ aci d
In water, Qde-§Hb§99#%£Q'ﬁéfJH% %%ﬁ%%i%%.E?eoﬁéffErggfdaiﬁiéﬁéé¥'H%AHFS'dues
t her eon rée observed w-th a“scafnning el ectron m ¢roscope (scanni ng

el ectron %h%%% %%B%1?2@HéaghgbsdoPytﬂgﬁ%lééﬁk&déTghdr ity @l in

Table 2-1. It s asCertained that the liquid-crystal-drivihg transparent

el ectrode t1as «a3pDLRRAUSLE YRt RE tHEASULEMRAL o @36l rRblained Ry ormng a
transparent electrode directly onto a glass sSubstrate under the sane

condi ti ong s@%nhAnlghel £ 3i r aMehi! copebhestFagttibea By arsparent) el egid ode to
X-ray anal ysi s. Exanple 2-2] A color filter for liquid crystal display was

produced rieRutlhe Sa@Be sWaywnasn mablanpl-e .2-1 except that when its
i quid-crystal-driving transparent electrode was fornmed, a sintered body
target consisting esseattakkyiatdathexaghnal ighaaeklkgstaorpeundngepr esent ed
by Tn203 (ZnO) 4, indium oxide
transparent electrode was amorphous from the measurement result
obtainedby formingatransparentelectrodedirectlyontocaglass
substrate under the same conditions as in the (3) and then
subjecting this transparent electrode to X-ray analysis.
[Example 2-2]

A color filter for liquid crystal display was produced
in the same way as in Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In;03(Zn0}4, indium oxide
(In,03) and rhenium oxide {ReO3} (ICP elementary analysis values
ina thin filmthereof: [In]/{[In] + [Z2n]) =0.83, and [Re]/{[In]
+ [Z2n] + [Re]) = 0.0035) was used. The surface resistance of
the thus-yielded color filter for liquid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 19 Q/0.

This ceclor filter for liquid crystal display was not

recognized as a deformed color filter, and exhibited a good

external appearance. The liquid-crystal-driving transparent
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(I'n2G3) and rheni um oxide (Re@) (ICP elenentary analysis values in a thin
f ilmthereof: [In] / ([ In] +[Zn] = 0. 83, and [Re] / ( [In] + [Zn] +
~Re]) = 0.0035) was used. The surface resistance of the thus-yielded color
filter for liquid crystal display (the surface resistance of the
l'iquid-crystal-driving transparent electrode) was 19 O D. This color filter
for liquid crystal display was not recognized as a deforned color filter,
and exhibited a good external appearance. The 1 iquid- crys t al -driving

transparen electrode.in this or_filter for I|qU|d st.al | ay was
tested an&ﬁﬁgggﬁpgdlabou%st?%}%%ﬁgﬂfi fogsflﬂut§ anStil s layregﬁlts are

shown |0 Table 2ody sl olas Assat dhedahDal diteo L SLdosEysta, Todriving

transparent electro produced in t present was made of

a”Drphousr%éb@%sogr%hghgﬁﬁ'§n ?ngQeZHEaSLfﬁﬂﬁﬁg Jéééyﬁafﬁea(ﬂﬁgﬁ angl ysis of
a transparent electrode fornmed directly onto a glass substrate under the

same condijbuQBs a3y skR1t-Be iRieseRtaEXpaRkEt 22 2o ct EXABPb Loduddd Ay filter
for liquid crystal display was produced in the sane way as in Exanple 2-1

except thatrewher Eksmplleqpid-gayshadie dbf Vimgrpians e @l egld edes iwas
formed, a sintered body target consisting essentially of a hexagonal

| anel | ar ednmpagntesepresentedebyl t n2O3K{ Zn)ards 1 ¥k Wi exitdensdar2@d) and
ni obi um oxi de (Nb203) (I CP elenmentary analysis values in a thinf ilm
t hereof : Eklegftrode fémied diZrlcta y0onB8,a ghdsgMojbdt {afd mhdet fixmlsatmgd Nbl ) =
0.0036) was used. The surface resistance of the thus-yielded color filter
for |iqui dcorystishsdiaspliay theheresenftadeamgdiest’aiice of the | iquid-crysta
-driving transparent electrode) was 19 Q0.

[(Example 2-3]

A color filter for liquid crystal display was produced

in the same way as 1n Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In;03(ZnC)s, indium oxide
(In,03) andnichiumoxide (Nb;Cs) (ICP elementary analysis values
in a thin film thereof: [In]/([In] + [Zn]) =0.89, and [Nb]/([In]
+ [Zn] + [Nb]) = 0.0036) was used. The surface resistance of
the thus-yielded color filter for liquid crystal display (the
surface resistance of the liguid-crystal-driving transparent
electrode) was 19 Q/0.

In particular, in the above-mentioned expressions, [Nb]
represents the number of the niobium atoms in unit mass (this
matteristhesameinthe followingdescription). Inotherwords,
the above-mentionedexpressions eachrepresent theratiobetween
the atoms.

This color filter for liquid crystal display was not

recognized as a deformed color filter, and exhibited a good
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In particular, in the above-nentioned expressions, [Nb] represents the
nunber of the niobiumatons in unit nass (this natter is the sanme in the
foll owi ng description) . Inotherwrds, the above-nentioned expressions each
represent the ratio between the atons. This color filter for liquid crystal
di splay was not recognized as a deforned color filter, and exhibited a good
70 external appearance. The 1 iquid-crystal -driving transparent el ectrode
inthis color filter for liquid crystal display was tested and neasured
about the sanme items as in Exanple 2-1. The results are shown in Table 2-1.
It was aseerteginaddaprhaarahee.| i Bud dlicryist-at oyt ad riy i ians faraaripagtesdt r ode
produced in the present Exanple 2-3 was nade of anorphous oxide on the
basi s of elfetmessui Bnent s reztkrt Gl oer dprananyidschyshat rahsphientas

el ectrode forned directly onto a gl ass substrate under the sane conditions
as in theFrésemnERgRsUE el 3bop FRMO. 141N 861 oh EFPFPER fof - | idif d
crystal displ was produced |n the_same way as in Exanple 2-1 except that
when 1ts TRRHGED: CEFSTRPNGr i AGOLFARSbar o A AT R d il CHE
sintered hody .target cqnsj sti. ssentially of a, hexagonal |anellar
conpound Patashtad By TIcE TCrf G aP o R U SR FHE T Aot P (i b1 um
oxi de (Nb20Q I ntary. an LS_va in.athin fil.mthereof:

[1nM | n] %r%%ﬁ%fcgégbggga%da[KEF?%%?%]O¥+é¢§§ﬁhépgN%T$a£(B?dg%%yx%%gsused.
The surfa Lesi the sg¥iel rofilger, f jﬂﬂ@ rysta
di spl ay (?ﬁe %u@%g§g§?gépgtgnggmgfotH% ggfdﬁﬁi- ?%%tééi%.ﬁgﬁdgl n§9n9

transpar el ¢ @h-eelr 89ehe¥af 2t PontBi S g8akarsibhdt £1td Anddrathd Lyst al
di spl ay was not

conditions as in the present Example 2-3.
[Example 2-4]

A color filter for liquid crystal display was produced
in the same way as in Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In,C3(Zn0)s, indium oxide
(In,03) and niobiumoxide {Nb;03) {ICPelementary analysis values
in a thin film thereof: [In]/{[In] + [Zn]) =0.8%, and [Nb]l/{([In]
+ [4n] + [Nbl) = 0.0045) was used. The surface resistance of
the thus-yielded color filter for ligquid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrede) was 19 Q/0.

This color filter for ligquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The

results are shown in Table 2-1. It was ascertained that the
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recogni zed as a defornmed color filter, and exhibited a good external
appearance. The 1 iquid-cryst a 1 -driving transparent electrode in this
color filter for liquid crystal display was tested and neasured about the
sane itens as in Exanple 2-1. The results are shown in Table 2-1. It was
ascertained that the 71 liquid-crystal -driving transparent el ectrode
produced in the present Exanple 2-4 was made of anorphous oxide on the
basis of the neasurenent result of X-ray analysis of a transparent

el ectrode fornmed directly qgnto a gl ass substrate under the sane, cqnditions
as in thelﬁlqélééiﬁtcrlgf&ﬁél_éiréy&.“g[ EgaﬁﬁPér?%]eieEBFEBaefP’F? PCEDrLT it d

"R TR rhd IR WAL Gl
s I
oxi o (2" L L CR.eLamROl ¥ ARASH pualS, 1018 L0 ID Lhereale 11

The surfageHesiishance af, t%@ep&@%%hxig&g%gl%obqq_fiIter for liquid crysta
display (the surface resistance of the I1quid- crystal -driving transparent

el ectrode) pasmpl@ @B In particular, in the above-nentioned expressions,
[ Zr] represengg t he nunber of the zirconiumatons in unit mass (this

matter is the saneciBrt helfek! oyt NUi geserdPid) didgn Hf Rels W ddRiced he
above-nmenti oned expressions each represent the ratio between the atons.
Thi s col orirf ithieerkatmer whiyquisd ier Fzalpldi gpllay@ptnahatr e¢egniized as a
deforned color filter, and exhibited a good
ligquid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In;03(Zn0}s, indium oxide
(Inp03) andzirconiumoxide (ZrC;) (ICPelementaryanalysisvalues
inathin film thereof: [In]/{[In] + [Zn]) =0.89, and [Zr]/{([In]
+ [Zn] + [Zr]) = 0.0042) was used. The surface resistance of
the thus-yielded color filter for liquid crystal display (the
surface resistance of the liguid-crystal-driving transparent
electrode) was 19 Q/0.

In particular, in the above-mentioned expressions, [Zr]
represents the number of the zirconium atoms in unit mass (this
matteristhesameinthefollowingdescription). Inotherwords,
the above-mentiocned expressions each represent theratiobetween
the atoms.

This color filter for ligquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent

electrode in this color filter for liquid crystal display was

tested and measured about the same items as in Example 2-1. The
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external appearance. The liquid-crystal -driving transparent electrode in
this color filter for liquid crystal display was tested and neasured about
the sane itens as in Exanple 2-1. The 72 results are shown in Table 2-1. It
was ascertained that the |iquid-crystal-driving transparent el ectrode
produced in the present Exanple 2-5 was made of anorphous oxi de on the
basis of the neasurenent result of X-ray analysis of a transparent

el ectrode fornmed directly onto a gl ass substrate under the sanme conditions

as in ther-pcesent sExagpban2ip. ThExanple, 2-6] A LQlLle fdditrRig ftofad itg d
crystal display was produced in the same way as in Exanple 2-1 except that

when its 1kbguadcefgshalddivinagckEABBRAERBE c BEEEEHQEEO MEGuE S NI th
sintered body target consisting essentially of a hexagonal |[|anellar
conpound pepsesenteadmpyel P203¢ZnQiade | Hifli and rixd ke oxl1de2@3) tand basiconi um
oxide (Zr02) (1CP elenentary analysis values in a thin filmthereof:

[In]/ (][] npt+th&nhyasQr8fenandefdil/¢f IXray drgn]ysid & Ja rBr3@G4emas used.
The surface resistance of the thus-yielded color filter for liquid crystal
di spl ay (ehectsodkatermedidstrande yobnther glasquiubcrystaundgr Viagame
transparent electrode) was 19 Q Fl. This color filter for liquid crystal

di spl ay w@@nﬁéﬁloﬂéc@gnﬂﬂe@hasPéeé@ﬂ@rﬁé@m@éﬁoﬁ-ﬁlIter and exhi bited a good

ext er nal Epearance The | i quid-crysta 1 -driving transparent el ectrode
in this coF8A™PilFt érbfor Iiquid crystal display was tested and measured
about the sane itens as_in Exanple 2-1. The results are shown in Table 2-1.

It was ascert ai ﬁeﬂoiﬂétf%h’éer1f?ﬁu}tbq%%<§7§ira}1’5t%]r idA TR &Y aifshaTEHE%ct r ode

roduced i.n t resent Exanpl e de of anmprphous o |de on the
Eas's in t e sgme way as q% Example % qaexcept n%a% w% X

liquid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagcnal
lamellar compound represented by InyCs;(ZnC}s, indium oxide
{In,03) andzirconiumoxide {Zr0;) (ICPelementaryanalysisvalues
ina thin film thereof: [In]/{[In] + [Zn]) =0.89, and [Zr]/{[In]
+ [Zn] + [Zr]) = 0.0064) was used. The surface resistance of
the thus-yielded coler filter for liquid crystal display (the
surface resistance of the ligquid-crystal-driving transparent
electrode) was 19 Q/0.

This color filter for liquid crystal display was not
recognized as a deformed cclor filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The
results are shown in Table 2-1. It was ascertained that the
liquid-crystal-driving transparent electrode produced in the
present Example 2-6 was made c¢f amcrphous oxide on the basis

of the measurement result of X-ray analysis of a transparent
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of the measurenent result of X-ray analysis of a transparent 73 el ectrode
formed directly onto a gl ass substrate under the sanme conditions as in the
present Exanple 2-6. [Exanple 2-7] A color filter for liquid crystal display
was produced in the same way as in Exanple 2-1 except that when its

| i quid-crystal-driving transparent electrode was formed, a sintered body
target consisting essentially of a hexagonal |I|anellar conpound represented
by In2G3 (ZnO) 5, indiumoxide (1n203) , rhenium oxide (Re@3) and tin oxide

(Sn02) (1CP el enment ar nal ysi,s values in a thin filmthereof: [In] / (
o [ 2y 2O Ptne SRR B8 pPaRe Sty 9 TR W HeB0bhe S [ sy
( [In] + [Znl,. + [Rel +.[Sn}). = 0.021) was ysed. .The surface resistance of
t he thus-&F@Fﬁg O%&ISF ﬁ%lgg% or I uﬁ agpagtglgdisplay (the surface

resi stanc E%%m q% %_hquid-crys ta 1 -driving transparent electrode) was 17
0/11. In 3 i'n the above-nentioned expressions, [Sn] represents

articular,
th nb f ot i i if: i { i in th
e nunber of the.biy a&gﬁe%nﬁegglilg@? é%%%@ajgsﬁlﬁlan}%%atgqur%{?céc{]. e

foll owi ng description) . t Wo above-ment i oned expressions

each 1epr eseRhd Ramkatig Bel Woex e ALAS o Fhist GRl0r WHdd arcd or i quid
crystal display was not ™ recogni zed as a deformed color filter, and

exhi bi t ed 18 (@Qed c r§stannalr iANPRAIRESpa e t! e 1G-Sty ¥ or@dayi ng
transparent electrode in this color filter for liquid crystal display was

tested angingaswdetoalyotlarighe S iishtams assamtBeany 25l helRyodg8sul ts are
shown in Table 2-1. It was ascertained that the 1 iquid-crystal -driving
t ranspar entrelléetr edeppuoducet detehhed/dby In,03(ZnC)s, indium oxide
(In,03), rheniumoxide (Re03) andtinoxide (8Sn0;) (ICPelementary
analysis values in a thin film thereof: [In]/{[In] + [Zn]) =
0.89, [Rel/([In] + [Zn] + [Re]} =0.0004, and [Sn]/{([In] + [Zn]
+ [Re] + [Sn]) = 0.021) was used. The surface resistance of
the thus-yielded coler filter for liquid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 17 /0.

In particular, in the above-mentiocned expressions, [Sn]
represents the number of the tin atoms in unit mass (this matter
is the same in the following description}. In other words, the
above-mentioned expressions each represent the ratio between
the atoms.

This color filter for liquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liguid crystal display was
tested and measured about the same items as in Example 2-1. The

results are shown in Table 2-1. It was ascertained that the

liquid-crystal-driving transparent electrode produced in the
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present Exanple 2-7 was nmade of anorphous oxide on the basis of the
measurenmnent result of X-ray analysis of a transparent electrode forned
directly onto a glass substrate under the sanme conditions as in the present
Example 2-7. [Exanple 2-8] A color filter for liquid crystal display was
produced in the sane way as in Exanple 2-1 except that when its
liquid-crystal-driving transparent el ectrode was fornmed, a sintered body

t ar get consisting essentially of a hexagonal |anellar conpound represented
by 1n203 (ZnO 5, indium oxide (Tn203) zi rconi um oxi de EZrOZ and tin
oxi de (SnOje{5%P E@%t%r@ “Vé%es O\f‘alaﬂl8§P|hﬁu§ PHiEASF PPnfhReP@dES [In]/(

[1n] + [2Zn]) =0.89, Lern/ Tn 0067

[Znl + [Zzr% tr[esﬁr]eejs 8")el glea{ éﬁ‘rlf’ﬁéé Pgsiasgﬁ‘%g%‘]? {()% F

t hus-yieid col or f.i Iter f. Or uid.cr the gsurfac
remstanceefI E?Pdﬁ.lorme %%r% gﬂﬁ(nlr %ﬁ%ﬁﬂ?ransp§¥3%F e tr%ﬁg?mmas 18

0/ 11. ThIS P§ %ﬁétgg Iﬁrtﬁ q% gsgﬁgségé { sphay was not recognlzed as a
e

def or med co ter, and ex a goo external appearance. The
l'i qui d- cry§é§gm§qévin@ transparent electrode in this color filter for
liquid crystal dlsplay was tested and neasured about the sane itens as in

Exanple 2-1. They Jasid 1S 188 $how il iFabkgseal. dhkpas §§Seﬁ£§aﬁégdthat
the 1 i quid-crystal -driving transparent el ectrode produced in th

present Exaiiptige ZsdndagaPosde Of BRBRPhOUsS-OXigecpn ther basés 10§ the

measurenent result of X-ray analysis of a transparent electrode forned
directly oniguidotapst subst 1aleg undesisphessanel ot condi 1honsoagelin she

present Exanple 2-8. [Exanple 2-9]
sintered body target consisting essentially cof a hexagonal
lamellar compound represented by Inz0;{(Zn0O)s, indium oxide
(In,0,), zirconium oxide (Zr0;) and tin oxide (5n0,;) (ICP
elementary analysis values in a thin film thereof: [In]/({In]
+[(2Zn]) =0.89, [2r]/([In] + [Zn] + [2r]) =0.0067, and [Sn]/{[In]
+ [Zn] + [Zr] + [Sn]) =0.028) was used. The surface resistance
of the thus-yielded color filter for liguid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 18 Q/[.

This color filter for liquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The
results are shown in Table 2-1. It was ascertained that the
liquid-crystal-driving transparent electrode produced in the
present Example 2-8 was made of amorphous oxide on the basis

cf the measurement result of X-ray analysis of a transparent

electrode formed directly onto a glass substrate under the same
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A color filter for liquid crystal display was produced in the sane way as

in Exanple 2-1 except that when its |iquid-crystal-driving transparent

el ectrode was fornmed, a sintered body target consisting essentially of a
hexagonal | anellar conpound represented by I1n203 (ZnO 5, indium oxide
(In2@3) , tungsten oxide (W5) and tin oxide (Sn02) (7CP el enentary

analysis values in a thin filmthereof: [In] / ( [In] +[Zn] ) = 0. 89, |
[ ( [In] +[2nl + [W ) =0. 0013, and [Sn] / ( [In] + [2Znl + [W + [ Sn]
= 0. 022) was used. The surface resistance of the thus-yielded color f
ilter f oronddtiigner st dn dihsplray serite Ex@mblgcd -Oresi st ance of the

| iquid-crystal-driving transparent electrode) was 17 QF~. In particular,
in the abd¥&2mPrti enéd expressions, [W represents the number of the
tungsten atons in unit pnass (this _mtter is the same in the f ojl ow ng
description) . fnS8tRErThbEEE, TOF hb AbbY S TEHIF britlPRIGY 8T 1L

represent .the ratio between .the atons. .This color filter for, Iiquid crystal
di spl ay wag AGE SPEE0YAYZzEF L %X&Wgt%ngd c6FGERS &t “A5E 5% bited a good
external gppearance.  The | .iquid- crystal -driving transparent | ectrode in
Lhi s col o TP Eer S G0 oy SEAreRAdSy SAS TO6s S and MSsburfed about
t he sane it i | e, 2- he . resul.t r i -1 0t
was ascertsg?qulgg%t%h?{& d hgmf%ltql(ﬁjog-s-g(%ftﬁsntga%%-Sgﬁt\%aﬁl&w%ggpglre}%[%log\aglct rode

produced e o PLERERNEATRIE 20 a8 Tadg00! 7 AT POl B8 on (he

basis 76 of the neasurenent sult of analysi's 'of a transparent

el ectrode foraepd di tEY assqa syhstrad tr itions
as in the %craég@n't gg(lgﬁpl eog{lté% ?GE%G?H%?% 2- i%][l & (SREES (108 RRen Gy

analysis values in a thin film therecf: [In]/{[In] + [Zn]) =

W
)

0.89, [W]/([In] + [Zn] + [W]) = C.0013, and [Sn]/([In] + [Zn]
+ [W] + [Sn)]) = 0.022) was used. The surface resistance of the
thus-yieldedcolorfilter forliquidcrystaldisplay (thesurface
resistance of the liquid-crystal-driving transparent
electrode) was 17 /0.

In particular, in the above-mentioned expressions, [W]
represents the number of the tungsten atoms in unit mass (this
matteristhesameinthe followingdescription). Inotherwords,
the above-mentionedexpressionseachrepresent theratiobetween
the atoms.

This coleor filter for ligquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this color filter for liquid crystal display was
tested and measured about the same items as in Example 2-1. The
results are shown in Table 2-1. It was ascertained that the
liguid-crystal-driving transparent electrode produced in the

present Example 2-9 was made of amorphous oxide on the basis

76



A color filter for liquid crystal display was produced in the sane way as

in Exanple 2-1 except that when its |iquid-crystal-driving transparent
el ectrode was fornmed, a sintered body target consisting essentially of a
hexagonal | anellar conpound represented by In203 (ZnO 5, indi um oxide

(I'n2@3), nol ybdenum oxi de (MX6) and tin oxide (Sn02) (ICP elenentary
analysis values in athinf ilmthereof : [ In~[ In] * [Zn] 0. 89, [M/
[InN] +[Zn] + [Mol 0. 0042, and [Sn] [In] * [Znl + [Mol + [Snj = 0. 022)

1o fsed offene YL AGe LESLSLANGE . Ol WIS AR BB 0l L hEbLeenbor

l'iquid crystal urface resistance-“of thé |q8| =Crysta 1

-driving éié‘%%&&@orn@cﬁﬁ&&@?%y%&é Dssld b%acrxlajr%églrlﬂg?ri d 8§

fﬂe
above-nmenti oned expressions, represents the nu e nol ybdenum

atoms in uphl; MRSSs (L0 S PRELBEeLEnthex8APRei D-the f ol | owing description)
. In other words, the above-nentioned expressions each represent the ratio
between {hgambOEB2-This color filter for liquid crystal display was not
recogni zed as a deformed color filter, and exhibited a good external

appearance. Then lodXph deiCiryst & olr -1dIuMidN @ riysdRIpariepl a yelast pedeuBdt hi s
color filter for liquid crystal display was tested and neasured about the
sane itensnashénsfxanpke 2slinTheampesubts akeespbovhatnwhahl et2-1. It was
ascertained that the 77 | iquid-crysta 1 -driving transparent el ectrode
produced Lingthe-cpyesehtdEkampbet2adbpwasnhadieot rader pheusconede an t he
basis of the neasurenent result of X-ray analysis of a transparent
el ectrodesfotardddbpdet tyrgatocangiassngubsseant éalhderft hehsamgonednditi ons
as in the present Exanple 2-10. [Conparative Exanple 2-1]

lamellar compound represented by In;03(Zn0)s, indium oxide

(In;03), molybdenum oxide (MoOs) and tin oxide (Sn0O,;) (ICP

elementary analysis values in a thin film thereof: [In]/([In]

+ [Zn]) =0.89, [Mo/([In] + [Zn] + [Me]) =0.0042, and (Sn]/([In]

+ [Zn] + [Mo] + [8n]) =0.022) was used. The surface resistance

of the thus-yielded color filter for liguid crystal display (the

surface resistance of the liquid-crystal-driving transparent

electrode) was 17 Q/0.

In particular, in the above-mentioned expressions, [Mo]
represents the number of the molybdenum atoms in unit mass (this
matteristhesameinthe foilowingdescription). Inotherwords,
the above-mentioned expressions eachrepresent the raticbetween
the atoms.

This cclor filter for liquid crystal display was not
recognized as a deformed color filter, and exhibited a good
external appearance. The liquid-crystal-driving transparent
electrode in this cecloeor filter for liquid crystal display was

tested and measured about the same items as in Example 2-1. The

results are shown in Table 2-1. It was ascertained that the

17



A color filter for liquid crystal display was produced in the sane way as
in Exanple 2-1 except that when its 1 i quid-crystal -driving transparent

el ectrode was formed, an TTO target (containing 5% by wei ght of Sn02) was
used. The surface resistance of the thus-yielded color filter for liquid
crystal display (the surface resistance of the 1 i quid- crystal -driving
transparent electrode) was 15 OE The 1 iquid- crys ta 1 -driving
transparent el ectrode in this col or fiIter for quuid crystal display was
tested and measur ed 9 same it in agg 2 1 Howev this
| TO fi |l m WG LAGE T ¥ER] 'Fédvﬁdgbéré‘Péﬁéaewttﬂ BREF PO RTYVUGHR 16 are

shown in Tabl e

of & tranSpareRt Eralbrade-§ ortie WS reguepERb LSty of *}er%?s%%ﬁhéf'f he
same condi(l ons As.L11 Ll pr ESEnt g@@arm%g'avﬁa aplee 2 1.3 geaic af i nium

oxi de was recogn nse asc e ectrode

was cryst ahlingoqdl Conpa aliy %t@gﬁggtgaaﬁg% & sobor-{iltendorLigd

crystal display was produce In-t way as 1n except that

when i ts dobquirdofieysialrdihy pe kAR RALARN LLegly ode vas formed, a 78
sintered body target made of a hexagonal |amel l'ar conpound represented by

I n2C3 (Zn@koﬁpgpqthadl@&b@éq@ez(hq2CB) (ree elenentary anal ysis values in a
thinf ilmthereof : [ In] / ( [In] + [Zn]) 0.89) was used. The surface

resi stance of thecolbﬂsflytéfdﬁngPi@ﬁlcﬁ ¢r3}§eﬂ foirs i pivh £ ysdalcadi spl ay
(thesurface resistance of the liquid-crystal-driving transparent

el ectrode)i rmase3@af@eOwathesl iiguittaeipyst a-1deixdeng tthanspaleenti tel ectrode in

thi's liguid-crystal-driving transparent electrode was formed, an ITO
target (containing 5% by weight of $n0;) was used. The surface
resistance of the thus-yielded ccolor filter for liquid crystal
display {(the surface resistance of the liquid-crystal-driving
transparent electrode) was 15 Q/0.

The liquid-crystal-driving transparent electrode in this
color filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. However, this ITO film
was not permitted to be etched with oxalic acid. The results
are shown in Table 2-1. According tc the measurement result
cf X~-ray analysis cof a transparent electrode formed directly
ontoaglass substrate under the same conditions as in the present
Comparative Example 2-1, a peak of indium oxide was recognized.
Consequently, 1t was ascertained that the electrode was
crystalline.

[Comparative Example 2-2]
A color filter for liquid crystal display was produced

in the same way as in Example 2-1 except that when its

liguid-crystal-driving transparent electrode was formed, a

18



color filter for liquid crystal display was tested and nmeasured about the
sane itens as in Exanple 2-1. The results are showmn in Table 2-1. According
to the nmeasurenment result of X-ray analysis of a transparent el ectrode
formed directly onto a glass substrate under the sane conditions as in the
present Conparative Exanple 2-2, no peak of indium oxide was recogni zed.
Consequently, the el ectrode was anorphous. [Conparative Exanple 2-3] A
color filter for liquid crystal display was produced in the same way as in

Bampl e 21 xcenl Lhat uhen. | hsad Lauidreryglaladniying Lransparent
el ectrode™was fornmed, “a si'ntered body target’ consisting essentially of a

h I I VA i pei id
(Im208) "+ T5hA PR ok et HEDY Crep Lo athears anaryrs Vares in a
thin fil mbheeeebry LAk s sl{Muds 40k En@n BPimanck &R /11 [A (lynyt [Zn] +
[Re]) = 0.015) was used. The surface resistance of the thus-yielded color

filter for ljizgqyid=—Crystal disSRlsay.(thge surtace E§§E§E%ﬁ€8 gk the

| i quid-crystal-driving transparent electrode) was 22 E. 79 The

l'i qui d- cr ystahvdil Welig-d ranspat eRtoehaciuiede ydx 4 i sspeal Qi nkiddetador
liquid crystal display was tested and neasured about the sane itens as in
Exanpl e 2+xksiBRanicesulft $har @ isfiawr criyisthablde i2-ihg Accersgiat@rto the
measurenent result of X-ray analysis of a transparent el ectrode forned
directly eitctaoglassasslislAdte under the sane conditions as in the present
Conparative Exanple 2-3, no peak of indium oxide was recognized.
Consequent |y, t fibedligptirbder wasa lambriphioust raf€papanate hextbaamplip t2ridkl A
color filter for liquid crystal display was produced

color filter for liguid crystal display was tested and measured

about the same items as in Example 2-1., The results are shown

in Table 2-1. According to the measurement result of X-ray

analysis of a transparent electrode formed directly onto a glass

substrate under the same conditions as inthe present Comparative

Example 2-2, no peak of indium oxide was recognized.

Consequently, the electrode was amorphous.

[Comparative Example 2-3]

A cclor filter for liquid crystal display was produced

in the same way as in Example 2-1 except that when its

liquid-crystal-driving transparent electrode was formed, a

sintered body target consisting essentially of a hexagonal

lamellar compound represented by In;0;(Zn0)s, indium oxide

(Ing03), and rheniumoxide {ReQ;) (ICPelementaryanalysis values

ina thin filmthereof: [In]/([In] + [Zn]) =0.89, and [Re]/{[In]

+ {Zn] + [Rel) = 0.015) was used. The surface resistance of

the thus-yielded color filter for liquid crystal display (the

surface resistance of the liquid-crystal-driving transparent

electrode) was 22 /.
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in the sane way as in Exanple 2-1 except that when its

| iquid-crystal-driving transparent el ectrode was fornmed, a sintered body
target consisting essentially of a hexagonal |aneliar conpound represented
by 1n203 (ZnO 5, indiumoxide (1n20G3) , and ni obi um oxi de (Nb205) (ICP

el ementary analysis values in a thin filnthereof: [In]/([In] + [Zn]) =O0. 89,
and [Nb]/([1n] + [Znj + [Nb]) = 0.025) was used. The surface resistance of
t he thus-yiel ded col or filter for liquid crystal display (the surface

i st f the 1. t d t t el t 22
V). The 1§ qu ety clr A G i P AP RRE PEh b RS A9F LRI L0 or
filter f id La t d d._ab t th
Lome as PR VATt ECB TP ThaSF SO L BSHOA T1h FUEE 27 m%%ce%re% ng to
t he ”easur%%%@ttﬁgséﬂrﬁe qf i % lﬁ”‘%l r&%)?]eg—la t&ﬁ@59§£89£seif§ %h% f or med

directly onto a glass strate sane condifions as |n e present

Conpar at i i TEKAEPbe 12 400, pepl ob R M&%’ékgﬁe%srégﬁ?@nbfeﬁ r§g]

Consequent the el ectrode was nDrp ous Conpar ative Exanple 2

color filter1hansldaYidLydalndbspbayowast rdigedect Nyl SaAMR MY as in
Exanpl e 2-1 except that when its iiquid-crystal-driving transparent

el ectrode swastirateRthded t5é RhekethRodyi drad ggtlnm%gbsagtm@mﬁaadﬂ% of a
hexagonal | anellar conpound represented by In203 (ZnO 5, indi um oxide

(In2G8), amdmbile ox3BgeneSpeak OCRnelieferkadye anal ¥sicdgwdlzées in a thin
filmthereof: [In]/([In] + [Zn]) =0.89, and [Sn]/([In] + [Zn] + [Sn] ) = 0.
05) was usedscihensuxf acter ediegtrance afst heorihossyi el ded color filter for
liquid crystal display (thesurface resistance of the liquid-crystal-driving
transparenComparative Example 2-4]

A color filter for liquid crystal display was produced

in the same way as in Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a
sintered body target consisting essentially of a hexagonal
lamellar compound represented by In,03{(Zn0)s, indium oxide
(Inp03), andniocbiumoxide (Nb,;Cs) (ICPelementaryanalysisvalues
inathin filmthereof: [In]/{[In] + [Zn]) =0.89, and Nb]/ ([{In]
+ [Zn] + [Nb]l) = 0.025) was used. The surface resistance cof
the thus-yielded ceolor filter for liquid crystal display (the
surface resistance of the liquid-crystal-driving transparent
electrode) was 22 Q/0.

The liquid-crystal-driving transparent electrede in this
color filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. The results are shown
in Table 2-1. According to the measurement result of X-ray
analysis of a transparent electrode formed directly ontc a glass

substrateunder the same conditions as in the present Comparative

Example 2-4, no peak of indium oxide was reccgnized.
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el ectrode) was 28 OL]. The 1 i quid- crystal -driving transparent el ectrode
inthis color filter for liquid crystal display was tested and neasured
about the sane itens as in Exanple 2-1. The results are shown in Table 2-1.
According to the neasurenent result of X-ray analysis of a transparent

el ectrode fornmed directly onto a glass substrate under the same conditions
as in the present Conparative Exanple 2-5, no peak of indium oxide was
recogni zed. Cbnsequently, t he electrode was amor phous. [Conparative Exanple

2-6] A color filter for iqui stal dis was produced in the same way
as in Exaﬁﬁpéeﬁpfng%éépﬁhﬁh ﬁqet¥asllgﬁ“%*E¥V%tal driving transparent
el ectrode %@s forne%, gﬁe body target consisting essentially of a
hexagonal Fgﬁglﬁgﬁ ¢o dsent ed by In"'203 (ZnO 5, indium oxide 81

bnalysl s val des RoAOEni ¢ f‘?g?)f hetbarrdpi T g lal G BibRidea o
[Re] "/ ( Lbokes L2AL ol ek Jer clOL 200 LS oodd moch [+ [Re] +

[Sn] ) = was use resi st of t Shus- yi el ded col or

f”terf0&ﬂ@ﬂ%&ﬂ%&%@hﬂ%ﬁ%ﬁ%&ﬁ@ﬁﬁ%ﬁ@%l&ﬁ%&&ﬁ
| i quid-crystal-driving transparent el ectrode) was 27 0/11. The 1 |qU|d-

crystal -dnintich@d LRRSPaLeRfe telRelieaa righ dsltieh + 1Gal19r Jf 1d tRIxdndil qui d
crystal display was tested and nmeasured about the sanme itenms as in Exanple

2-1. The rnegwhisracerghowd ridprEaking e by AGcol dimg) 4,0 itrkE ukeasurament
result of X-ray analysis of a transparent electrode f ornmed directly onto a
gl ass subgtrate underirhexdakre (cand) t [ DIB @Semdntdwey prresien 1 Lomlared | ve
Exanpl e 2-6, no peak of indium oxide was recogni zed.
ina thin film thereof: [In]/{[In] + [Zn]) =0.89, and [Sni/([In]
+ [Zn] + [Sn]) = 0.05) was used. The surface resistance of the
thus-yieldedcclorfilter forliquidcrystaldisplay (thesurface
resistance of the ligquid-crystal-driving transparent
electreode) was 28 /0.

The liquid-crystal-driving transparent electrode in this
color filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. The results are shown
in Table 2-1. According to the measurement result of X-ray
analysis of a transparent electrode formed directly ontc a glass
substrateunder the same conditions as in the present Comparative
Example 2Z2-5, nc peak of indium oxide was recognized.
Consequently, the electrode was amorphous.

[Comparative Example 2-6]

A color filter for liquid crystal display was produced
in the same way as in Example 2-1 except that when its
liguid-crystal-driving transparent electrode was formed, a

sintered body target consisting essentially of a hexagonal

lamellar compound represented by Inz03(Zn0O)s, indium oxide

81



Consequently, the el ectrode was anorphous. Table 2-1 82 Table2 -1 No. Thin
fikn conpositionSurface resistance In/(lIn+Zn) MM (I n+Zn+ Sn/ (I n+Zn+M+Sn) Q
M Exanpl e 2-10. 89Re0. 0005-18 Exanpl e 2-20. 83Re0. 0035-19 Exanple 2-30.
89Nb0. 0035-19 Exanple 2-40. 89Nb0. 0045-19 Exanpl e 2-50.89Zr0.004219
Exanpl e 2-60.89Zr0. 0064-19 Exanple 2-70. 89Re0. 00040.02117 Exanple
2-80.89Zr 0. 00670. 02818 Exanpl e 2-90. 89W). 00130. 02217 Exanpl e 2-100. 89MoO0.
00420. 02217 Conparative Exanple 2-11TO (SnQ2. 5wt % 15 Conparati ve Exanpl e

2-20. 89- i ve Exanpl e. 2- 30. 89Re0, 01 5-2 i ve Exanpl
20, BONIOTTUDE BB EhRa AR, (Rl @ Tt 1560 B S B G e
Exanpl e 2-60.. 89R 0. 052 . Ling. t i \t Heat
roi Hucs APgayRiReha  BRED s 820n I JERF BRELLO0. LERIP PN, o fieal Fea
2-1100/10Q0@Not (pb$erYef] + [zn] + [Re]) = 0.001, and [Sn]/([In] + [Zn]

+ [Re] + [Sn]) = 0.05) was used. The surface resistance of the
thus-yieldedcclorfilterforliquidcrystaldisplay (thesurface
resistance of the liquid-crystal-driving transparent
electrode) was 27 Q/0.

The liquid-crystal-driving transparent electrode in this
cclor filter for liquid crystal display was tested and measured
about the same items as in Example 2-1. The results are shown
in Table 2-1. According to the measurement result of X-ray
analysis of a transparent electrode formed directly onto a glass
substrate under the same conditions as inthe present Comparative
Example 2-6, no peak of indium oxide was recognized.

Consequently, the electrode was amorphous.

Table 2-1
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Exanpl e 2-2100/ 10000Not observed Exanple 2-3100/100_ ONot observed 0 Exanpl e
2- 4100/ 10000Not observed Exanpl e 2-5100/ 10000Not observed Exanpl e
2- 6100/ 10000Not observed Exanpl e 2-7100/ 10000Not observed Exanple
2- 81001/ 10000Not observed Exanpl e 2-9100/ 10000Not observed Exanpl e
2- 10100/ 10000Not observed Conparative Exanple 2-185/1 00XXUnable to be
et ched Conparative Exanpl e 2-2100/ 10000Not observed Conparative Exanple
2- 3100/ 10000Not observed Conparative Exanple 2-41 00/1 0000Not observed
Conpar ati ve Exampl e 2-51001/ 100000bserved Conparative Exanpl e
2- 6100/ 10000788272

0: The generation of cracks,

creases or peeling was not

recogni zed. [( X7 The gemeration of cracks  TIEases or peel I NorJgEs
recogni zed. | As is evident from Table 2-1, i n each of the colon“&&lQers for
liquid crystal display OpLahRes 1w EXaPRhes.2- TehoudrmBayi [ 8ur{ace
resi stance Vvalue was nade into a || owmMalue of 20 WE or less and fufther in
t he product {Rimple2egess thageeof NOreCr@@6s Creases or peelingwas géenerated
inits |iqulgaplyskal -dripWang tradpspas @aks el ectirode. Tt can aJsgo be| said
fromthe reglig20E the e Peelngd|d @pks T hat [Lhe adhesivenggs of |the
l'i qui d-crys.Eai =drivingt ggspat t:lTN t$%b§1$udc as—tigh.— Furthegrnore] each of
the |iquid2EPeal-driving transparept_eiect rqdes—had exeel I et
Exantple 2—5 . 7 Y0 0042 1= 19
Example 2—6 0. 89 Zr |0. 0064 - 19
Example 2—7 0. 89 Re |0.0004 0. 021 17
Example 2—8 0. 89 Zr |0. 0067 0. 028 18
Example 2—9 0. 89 W |0.0013 0. 022 17
Example 2—10 0. 89 Mo |0.0042 0. 022 17
Comparative Example 2—1 ([TO (Sh02 - 5Wt%) 15
Gomparative Example 2—2 | 89 — | - -_ 30
Gomparative Example 2—3 {0, 89 Re |0. 015 - 22
Gomparative Example  2—4 | 0, 89 Nb |0. 025 - 22
Comparative Example 2—5 | 0. 89 - - 0. 05 28
Comparative Example  2—6 | (), 89 Re |0. 001 0. 05 27
No. Tape peeling test Moisture and heat | Heat Residues after the etching
resistance test resistance test
Example 2—1 100100 Q O Not observed
Example 2—2 100100 O Q Not abservad
Example 2—3 100.7100 o] O Not obeerved
Example 2—4 100.7100 Q Q Not observed
Example 2—5 1007100 QO @) Not observed
Example 2—6 100,100 O O Not observed
Example 2—7 1007100 0] 9] Not observed
Example 2—8 100100 Q O Not observed
Example 29 100.-100 C 9 Not observed
Example 2—10 1007100 QO QO Not cbserved
Gomparative Example  2—1 | 85100 X X Unable to be etched
Comparative Example  2—2 | 100,100 @] Q Not observed
Gomparstive Example  2—3 [ 100,100 QO @) Not observed
GComparative Exampte  2—4 | 100,100 O O Not observed
Comparative Example  2—5 | 100,100 O ) Observed
Gomparative Example 2—6 | § 00/1 0o O O Observed

O: The generation of cracks, creases or peeling was not recognized.
X: The generation of cracks, creases or peeling was recognized.

As is evident from Table 2-1, in each of the color filters

for liquid crystal display obtained in Examples 2-1 to 2-10,
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wat er resistance and heat resistance. This matter denonstrated that even
after the production of the color filter, its [liquid-crystal-driving
transparent electrode was not easily cracked or peeled with the passage of
time. On the other hand, in the color filter for liquid crystal display
obtained in Conparative Exanple 2-1, etching with oxalic acid was not
permtted in the production process thereof. In its liquid-crystal-driving
transparent el ectrode, cracks, creases or peeling was generated. It would
be said fromthe result of the ta peeling test that_ the adhesiveness of
t he I|quﬂ&Sc§V§@§PedFF@FﬁéapF§n§ﬁiP@nWaéI@é??oﬁ%tﬁa% o vatug £ d%ar from
the table [gat the water resjstance and the heat resistance of the

| i qui d- cr?%} IOQM%Qﬁ%uingr£H§55P€nfneF%%t?6 HCE oY gt 9 FE TD NP R I Ve Exanpl e

2-1 were | ower than those of each_ of the |i Uld cr¥ft I-dr|V|ng t ransparent
el ect r odeS PG Ted TR 25ERamgl 881G §35- ﬁ@nq %d- crystal driving
transparent, elec%&o%%s d%§cr|bed in Canargtlve Exaqgle% Lp 2- 6

cracks, cregses or peel 1 ng lVlngngfaagﬁer aPedelbu?t]f% sur ace ?GSI S ance

ther eof was ;20 i ar, gm}rggu&l;%l \it\ﬁx%ntg%% g &gy stal, i dri ven.

troubl es may bé cause ous ranspar ent

el ect 1 ocondueliie fddmy ¢ GUIPN; R -AL)Bast g 40 e and. i ne oxide,

and further conpr|5|ng one or netals ected'fromRe, Nb, W
M and Zr o 1wheneid the %Qb%@“‘99r€ﬁ9£ﬁ§§b?”éa&ﬂ)o%”@héZ) are satisfied:

0.75 [In] / ([In] + [ Zn] _ (1 [M / ([In] + [Zn]
+[M )S llﬁu&deT%stal-G%hv1ng transparent electrodes had excellent
water resistance and heat resistance. Thismatter demonstrated
that even after the prcducticn of the color filter, its
liquid-crystal-driving transparent electrode was not easily
cracked or peeled with the passage of time.

On the cother hand, in the color filter for liquid crystal
display obtained in Comparative Example 2-1, etchingwithoxalic
aclid was not permitted in the production process thereocf. 1In
its liquid-crystal-driving transparent electrode, cracks,
creases or peeling was generated. It would be said from the
result of the tape peeling test that the adhesiveness of the
liquid-crystal-driving transparent electrcde was low. It is
clear from the tables that the water resistance and the heat
resistance of the liquid-crystal-driving transparent electrode
formed in Comparative Example 2-1 were lower than those of each
of the liquid-crystal-driving transparent electrodes formed in
Examples 2-1 to 2-10. In the ligquid-crystal-driving
transparent electredes described in Comparative Examples 2-2
to 2-6, cracks, creases or peeling was not generated but the

surface resistance thereof was 20 Q/0 cr more, Thus, when the
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where [In] , [Zn] or [M represents the atom c nunber of In, that of Zn, or
that of the third nmetal (s), respectively. 2. The anorphous transparent

el ectroconductive film according to claim1l, further conprising tin. 3. The
anor phous transparent el ectroconductive film according to claim2, wherein
the value of said [Sn]/([In] + [Zn] + [ Sn]) is from1l . 0 x 10-2 to 9.0
X 10-2 where [Sn] represents the atom c nunber of Sn. 4. A sputtering
target for anorphous transparent electroconductive film conprising indium
oxi de, zﬁpc ox| de %pqnonecfr.nnretghir netal s selected, fromRe, Nbo, W M
and zr. 5.1 S SIS ng T &gt ae S HHE ¥ &R dim AP USFEr ei n t he
follow ng expressions are satisfied: 0.75 <_ [In] / ([In] +[Zn]) <_ 0.95

) (3) 1.0 x 10-9 <[M [/ ([In] +[Zn] +[M )<_ 1.0 x 10-2 ... (4) where
[in], [Zn] or [M represents the atom c nunber of In, that 86 of Zn, or that
of the third netal (s), respectively. 6. The sputtering target according to
claim4 or 5, further conprising tin. 7. The sputtering target according to
claim6, wherein the value of said [Sn]/([In] + [Zn] + [Sn]) is from1.0 X
10-2 to 9.0 X 10-2 where [Sn] represents the atom ¢ nunber of Sn. 8. The
Ssputtering target according to any one of clains 4 to 7, wherein the maxi num
crystal grain dianeter of said zinc oxide in said sputtering target is 5 m
or less. 9. The sputtering target according to any one of clains 4 to 8,
wherein said third nmetal (s) is/are dispersed in a phase
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of said indiumoxide. 10. An anorphous transparent el ectrode substrate,
wherein one or nore of said anorphous transparent el ectroconductive filns
are formed on a substrate. 11. A process for producing the anorphous
transparent el ectrode substrate according to claim 10, conprising the step
of using the sputtering target according to any one of clainms 4 to 9 to
form sai d anor phous transparent el ectroconductive film on a substrate, and
the step of heating said anorphous transparent el ectroconductive filmon
said substrate up to 200C or hi gher. éﬁﬁ The process for producing the
anor phous transparent el ectrode sub'st B according to claim11l, wherein
said heating step is perfornmed in a state in which concentration of oxygen
is 0.1%or |less by volune. 13. The process for producing the anorphous

transpare?t 87 ghegﬁégﬁgaa?2§%5§%§?ggﬁgrg%?gﬁgﬁgéhghgk}%eo%.%%; wherein said

heating stép is per I'n rogenis al'so’” present. 14.

The pr ocessnbos Dradyei 0.t he; ATPLRNOUSL L ANSPALRNLx Rl ECT QG SUbsh at &

according to claim13, erein concentration sal ydrogen i's from1l to

10% by volbumBris3ngAohel 8F hbkiernipd £l aYse COMU A St NG alk ehgst i cal |y
insul ating transparent substrate, a colored |ayer fornmed on said

el ectri cabbyahBasytatingrel fansdaf eNtowlibgtdal s fsha (T1ansRarent alect rode
formed on said colored |ayer, wherein said transparent el ectrode conprises
an anor phedsis@ikde conprising a zinc elenment and an indium el enment, and
0.75 € [In]/([In] + [Zn]) <€ 0.95 .. (1)
1.0 x 107% < [M]/([In] + [Zn] + [M])< 1.0 x 107% .. (2)
where [In], [Zn] or [M] represents the atomic number of In, that
of Zn, or that of the third metal{s), respectively.
2. The amorphous transparent electroconductive film
according tc claim 1, further comprising tin.
3. The amorphous transparent electroconductive film
according to claim 2, wherein the value of said [Sn]/{[In] +
[Zn] + [Sn]) is from1.0 x 1072 t0 9.0 x 107% where [Sn] represents
the atomic number of Sn.
4. A sputtering target for amcrphcus transparent
electroconductive film, comprising indium oxide,
zinc oxide, and
one or more third metals selected from Re, Nb, W, Mo and
4r.
5. The sputtering target according to claim 4, wherein the
following expressions are satisfied:
0.75 < [In]/{[In] + [Zn]) £ 0.95 .. (3)
1.0 x 107* € [MI/([In] + [2Zn] + [M])< 1.0 x 107% .. (4)

where [In], [Zn] or [M] represents the atomic numkber of In, that
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liquid-crystal-driving transparent electrode, is 0.75 or nore and less than

0. 95 wher @ sai dThkn}piibt &hen§uidese Ofaddie diidificbm-akofse | Nynkiid i MBS and
is that of the zinc atoms in unit mass. 19. The color filter for

said [ Zn]

liquid crystak dirsphay aseprdingljte [zhaim dshior i8,f ndaerieion xt he &t ¢

ratio of the total anmount of one or nore elenents selected fromsaid Re,

No, W M

| i qui d-crystal

%alfd x Z10"t oviee teot fn anmapite ofntad | tloatd oot abeneat sof nSsai d

-driving transparent electrode is 0.0001 or nore and 0.01 or

| ess. 20. 8The cBherspiutterifigrthrqatdaceystiahgdispimy accorfdiqigins 4any one

of clains

17 to 19, wherein said liquid-crystal-driving
to 7, wherein the maximum crystal grain diameter of said zinc

oxide in said sputtering target is 5 um or less.
9. The sputtering target according to any one of claims 4
to 8, wherein said third metal(s) is/are dispersed in a phase
of said indium oxide.
10. An amorphous transparent electrode substrate, wherein one
or more of said amcorphous transparent electroconductive films
are formed on a substrate.
11. A process for producing the amorphous transparent
electrode substrate according to claim 10, comprising the step
of using the sputtering target according to any one of claims
4 to 9 to formsaid amorphous transparent electroconductive film
on a substrate, and

the step of heating said amorphous transparent
electroconductive film on said substrate up to 200°C or higher.
12. The process for producing the amocrphous transparent
electrode substrate according to claim 11, wherein said heating
step is performed in a state in which concentration of oxygen
is 0.1% or less by volume.

13. The process for preducing the amorphous transparent
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transparent el ectrode further conprises an Sn el enent,

of said Sn elenent to the total amount of all the cationic el enments

| i qui d-crystal -driving

0. 03.

of claims 17 to 20, wherein said liquid-crystal-driving transparent
el ectrode is patterned corresponding to each pixel. 89

electrode substrate according to claim 11 or 12, wherein said
heating step is performed in a state in which hydrogen is also
present.
14. The process for producing the amorphous transparent
electrode substrate accordingtoclaiml3, whereinconcentration
of said hydrogen is from 1 to 10% by volume.
15. A color filter for display, comprising an electrically
insulating transparent substrate,

a colored layer formed con said electrically insulating
transparent substrate, and

a transparent electrode formed on said colored layer,

wherein saidtransparent electrode comprises an amorphous
oxide comprising a zinc element and an indium element, and
comprises one or more elements selected from Re, Nb, W, Mo and
Zr.
le. A color filter for display, comprising an electrically
insulating transparent substrate,

a transparent electrode formed on said electrically
insulating transparent substrate, and

a colored layer formed on said transparent electrode,

wherein said transparent electrode comprises an amorphous
oxide comprising a zinc element and an indium element, and
comprises one ¢or more elements selected from Re, Nb, W, Mo and
Zr.
17. The color filter for liguid crystal display according to
claim 15 or 16, wherein said transparent electrode is a

liquid-crystal-driving transparent electrode.

88

and the atomc ratio

in said

transparent electrode is 0.015 or nore and | ess than
21. The color filter for liquid crystal display according to

any one



18. The color filter for liquid crystal display according to
claim 17, wherein the value of [In]/([Zn] + [In]), which is an
atomic ratio between the zinc element and the indium element
in said liquid-crystal-driving transparent electrode, is 0.75
or more and less than 0.95 where said [In] is the number of the
indium atoms in unit mass, and said [Zn] is that of the zinc
atoms in unit mass.
19. The color filter for liquid crystal display according to
claim 17 or 18, wherein the atomic ratio of the total amount
of one or more elements selected from said Re, Nb, W, Mo and
Zr tc a total amount of all cationic elements in said
liguid=-crystal-driving transparent electrode 15 0.0001 or more
and 0.01 or less.
20. The color filter for liquid crystal display according to
any one of claims 17 to 19, wherein said liquid-crystal-driving
transparent electrode further comprises an Sn element, and
the atomic ratic of said Sn element to the total amount
of all the cationic elements in said liquid-crystal-driving
transparent electrode is 0.015 or more and less than 0.03.
21. The color filter for liquid crystal display according to
any one of claims 17 to 20, wherein said liquid-crystal-driving

transparent electrode is patterned corresponding to each pixel.
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